
THE JOURNAL 


OF 

EXPERIMENTAL MEDICINE 

EDtTED BY 

SIMON FLEXNER M D 

PEYTON ROUS, M D HERBERT S GASSER, M D 

VOLUME SEVENTY SEVENTH 

WITH TWENTY-THREE PLATES AND ONE HUNDRED AND 
SEVENTEEN FIGURES IN THE TEXT 



NEW YORK 

THE ROCKEFELLER INSTITUTB FOR MEDICAL RESEARCH 
1943 


CopyuiGHT, 1943, BY The Rockefeller Instetute foe Medical Research 



CONTCNTS 
No 1, jAmiAii\ 1, 1943 

PACE 


Elman, Robert, and Davey, Harriet Wolf Studies on hypoalbumm- 
cmia produced by protcln-defiaent diets IH The correction of 
hypoalbummcmia m dogs b> means of large plasma transfusions 1 
Bang, Fezderie B Synergistic action of Haemophilus injlUcnzac suts 

and the swine influenza virus on the chick embryo Plated 1 and 2 7 

Seastove, C V The occurrence of mucoid polysaccharide m hemolytic 

strcptococa of human ongm 21 

Kirby, Welliaii M M , and Rantz, Lorell A Quantitative studies of 

sulfonamide resistance 29 

Syverton, J T , Lawrence, J S , Ackart, R. J , Adams, W S , Ervin, 

D M , Haskins, A L , Jr , Saunders, R H , Jr , StrIngfellow, 

M B , and Wetrich, R M The virus of infectious feline agranu 
locytosis, I Characters of the vinij pathogemdty 41 

Lawrence, J S , Syverton, J T , Ackart, R* J , Adams, W S^ Ervin, 

D M , Haskins, A L , Jr , Saunders, R H , Jr , Strinopellow, 

M B , and Wetriot, R M Thevirus of mfectiousfelinc agranulo- 
cytosis. U Immunological relation to other viruses 57 

Fbjeduan Meyer, and Kaplan, Alex Studies concerning the site of 
renm formation m the kidney IV The remn content of the 
mammalian kidney foUowbg specific necrosis of proximal con 
voluted tubular epithelium Flates3and4i 65 

Sanders, Murray, and Alexander, R C Epidemic keratocon 
junctivitis I Isolation and identification of a filtrable virus. 
Plates 5 to 7 71 


No 2, February 1, 1943 

Perlman, Ely, Bullowa, Jesse G M , and GooDKmu, Ruth. An 
immunological and electrophoretic comparison of the antibody 
to C polysacchande and the C reactive protein of ocute phase 
scrum 97 

Shope, Richard E The swine lungworm as a reservoir and inter 
mediate host for swme influenza virus m Factors influencing 
transmission of the virus and the provocation of influenza 111 

Shope, Richard E The swine lungworm as a reservoir and inter 
mediate host for swme influenza virus IV The demonstration 
of masked swine influenza virus m lungworm larvae and swme 
under natural conditions 127 

fil 



IV 


CONTENTS 


PAGC 

Havens, Walter P , Jr , Watson, Dennis W , Green, Robert H , 
Lavin, George I , and Smadel, Joseph E Complement fixation 
with the neurotropic viruses 13 p 

Shedlovsky, Theodore, Rothen, Alexandre, and Smadel, Joseph E 
The LS-antigen of vaccmia III Physical-chemical properties 


of LS-antigen and some of its degradation products 155 

Smadel, Joseph E , Hoagland, Charles L , and Shedlovsky, 
Theodore The LS-antigen of vaccmia IV Chermcal analysis 
of LS and the effect of chymotrypsm on LS 165 

CoBDRN, Alvin F , and EIapp, Eleanor M The effect of sahcylates on 

the precipitation of antigen with antibody 173 

Simon, Frank A AUergemc relationship of the pollens of dwarf and 

giant ragweed to several of their botamc relatives 185 


No 3, March 1, 1943 

Melnick, Joseph L The ultracentnfuge as an aid m the detection of 

pohomyehtis virus 195 

Eichelberger, Lillian The distribution of water and electrolytes 

between blood and skeletal muscle m experimental hniertension 205 
Page, Irvine H , and Abell, Richard G The state of the vessels of the 
mesentery m shock produced by constnctmg the limbs and the 


behavior of the vessels following hemorrhage Plates 8 and 9 215 

Parsons, Robert J , and Kidd, John G Oral papillomatosis of rabbits 

a vims disease Plates 10 to 12 233 

Chambers, Leslie A , and Henle, Werner Studies on the nature of 
the virus of influenza I The dispersion of the vmis of influenza 
A m tissue emulsions and m extra-embryonic fluids of the chick 
Plate 13 251 

Chambers, Leslie A , Henle, Werner, Lahfeer, Max A , and 
Anderson, Thomas F Studies on the nature of the virus of 
influenza If The size of the infectious umt m influenza A 
Plate 14 265 

Madden, S C , Carter, J R , Kattus, A A , Jr , Miller, L L , and 
Whipple G H Ten ammo aads essential for plasma protem 
production effective orally or mtravenously 277 


No 4, April 1, 1943 

Goldblatt, Harry, EIahn, Joseph R , and Lewis, Harvey A Studies 
on experimental hypertension XIX The production of per- 
sistent hypertension m sheep and goats 
Goldblatt, Harry, Katz, Yale J , Lewis, Harvey A , and Richard- 
son, Evelyn Studies on experimental hypertension XX The 
bioassay of renm 



CONTENTS 


V 


PACT 


SiCTODSSOv, BjUrs Mammahun red cells as a source of “small particles” 315 
Stock, C Chester, and Francis, Thouas, Jr, The inactivation of the 

\nru3 of l>inphocytic chonomemngitis by soaps 323 

Bang, Prederik B The course of experimental infection of the chick 

embryo with the virus of equine encephalomyehtis 337 

Claude, Albert, and Potter, James S Isolation of chromatin threads 

from the resUng nucleus of leucemic cells Plates 15 to 17 345 

Ploti, Harry , Suadel, Joseph E , Anderson, Thomas F , and Cham 
BER s, Leslie A Morphological structure of nckcttsiae. Plates 
18 and 19 355 

Olitsky, Peter K., Schlesinoer, R Walter, and Morgan, Isabel 
M Induced resistance of the central nervous system to eipen 
mental infection vnth equine encephalomyehtis virus II Sero- 
therapy m W cstem \nrus infection Plate 20 359 

Robscheit Robbins, F S , Miller, L L , and Whipple, G H Hemo- 
globm and plasma protem Simultaneous production during 
continued bleeding as mfluenced by ammo acids, plasma, hemo- 
globm, and digests of serum, hemoglobm, and casern 375 


No 5, May 1, 1943 

Enoel, Frank L , Wdjton, Mary G , and Lono, C N H Biochemical 
studies on shock. I The metabolism of amino aads and carbo- 


hydrate during hemorrhagic shock in the rat 397 

Tracer, William. Further studies on the survival and development 

in miro of a malarial parasite 411 

Phillips, Robert Allan A method for the determination of the blue 

dye T 1824 m plasma 421 

Goebel, Walther F , and Adams, Mark H The unmunological proper 
ties of the heterophUe antigen and somatic polysacdiande of pneu 
mococcus 435 


Glaser, R. W , and Stanley, W M Biochemical studies on the 

virus and the inclusion bodies of silkworm jaundice Plate 21 451 

Hudson, N Paul, Sigel, M Michael, and Markham, F S Antigenic 
reiationship of Bntish swme mfluenxa strains to standard human 
and swine influenza viruses. The use of chicken and ferret antisera 
m red cell agglutination 467 

Winkler, A. W , Durlachee, S H , Hon, H E , and Man, E B 
Changes m lipid content of serum and of liver foUowmg bilateral 
renal ablation or ureteral ligation 473 



VI 


CONTENTS 


No 6, June 1, 1943 

Fox, John P Immunity to yellow fever encephalitis of monkeys and 


mice immunized by neural and extraneural routes 487 

Fox, John P Non-fatal infection of mice foUowmg mtracerebral mocu- 
lation of yellow fever virus 507 

Casals, J , Curnen, Edward C , and Thomas, Lewis Venezuelan 
equme encepbalomyebtis m man 521 

Trask, James D , Paul, John R , and Melnick, Joseph L The detec- 
tion of poliomyehtis virus m flies collected durmg epidemics of poho- 
myehtis I Methods, results, and types of flies mvolved 531 

Trask, James D , and Paul, John R The detection of pohomyehtis 
virus m flies collected durmg epidemics of pohomyehtis II Chni- 
cal circumstances under which flies were collected 545 

Tracer, William The influence of biotm upon susceptfbihty to 
malana Plates 22 and 23 557 


Index to Volume 77 


583 



STUDIES ON HYPOALBXJAIINEMIA PRODUCED BY 
FROTEm-DEnCIENT DIETS 

lET The Cor^ction of HvpoAi^uuiN'Eiiu dj Dogs by Means of Ij^bce 
Plasma Transfusions 

By Robert ELJtAN mjd and Harriet wolf davey 

{From the Deportment of Surgery, 11 ashngton Unttenity School ofMcdiane, St Louis) 
(Recci\*cd for pubUcaUon, August 28, 1942) 

Plasma transfusions arc often used clmlcally to correct hypoprotememla 
resulting from malnutntion although the results are often disappointing in 
the severe cases It seemed advisable, therefore, to study eipenmcntally the 
effect of intravenous plasma In dogs depicted by a non proton diet which has 
been shown by Wcech (1) and oursd\e3 (2) to produce a rapid fall m the al 
bumin fraction of the blood Holman, Malioncy, and Whipple (3) were the 
first to study the metabohe effect of plasma transfusions in the dog and they 
showed that protein given m this way led to positive nitrogen balance but only 
when dog plasma was used These findmgs were confirmed by later studies 
(4, S) More recently Kxemen cl al have reported suniior findings with human 
plasma m human beings but not with bovine plasma (6) In protem-depleted 
dogs Shearbum (7) found that one plasma transfusion calculated to restore 
the plasma protem deficienc> had only a transient influence on plasma volume 
and no effect on the hj^ioprotememia, whereas smaller amounts given once or 
twice a day for 2 weeks led to a gradual return of the plasma protein to normal 

Procedures 

The dietary method used to produce hjTwalbuminemia was fimflar to that devised 
by Weedi (1) except that a solution was used and administered by gavage twice 
daily (2) The energy value was 50 caioncs per kilo per day and the mtrogen intake 
due largely to vitamm B complex was under 20 mg per kilo per day A period of 
3 weeks was used for depletion the 4th week was used for therapy and the dqilction 
then continued for 2 more weeks Thus each expenment lasted 6 weeks. Under 
such a non protem rfiglae bypoalbuminctnia rapidly devclcps except that occasionally 
it la masked by hcmoconcentnition which Is revealed by a nse in the hematoent 
reading (8) However, in the present experiments plasma volumes were measured to 
arcumvent this state of affairs, the method used was described m a previous paper 
in this series (9) 

The amount of plasma given during the 4lh week was determined by measuring 
its mtrogen content A dose of 0 S gm of mtrogen per kflo per day was given, 
which was the same we used in other regeneration experiments in which hydrolyxed 
protelu was used (2) In terms of protein this represented a little over 3 gm per 
kilo per day, which is somewhat greater than 2.5 gm employed by Weech. It was 
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necessar}’’ to give about 500 to 600 cc of dog plasma per day, the rate of injection 
was about 100 cc. per hour No protem appeared in the unne The plasma was 
obtamed from donor dogs by centrifuging their atrated blood after bleedmg The 
methods for determmmg the hematocrit readmg, and the albumm and globuhn, 


TABLE I 

Blood Changes and Nitrogen Balance in Dietary Hypoalbimtnemia As Indnenced by Large 

Plasma Transfusions 

Each dog received durmg the week (4) of therapy plasma amounting to exactly 0 5 gm 
N/kg /day or roughly 600 cc per day N intake due entirely to vitamms and plasma 



P V — plasma i olume, T C-A — total circulating albumm 


haie been described prenously (2) Durmg the periods of unne collecbon the dogs 
were kept in metabohsm cages and the usual precautions taken 


FINDINGS 

The really large plasma transfusions were tolerated without event No 
sjTnptoms or signs were noted m the dogs, aside from a pronounced diuresis 
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Thus “toxic’* symptoms as observed m other reported experiments (5) did not 
occur The data on the blood changes and nitrogen balance arc listed in 
Table I The mcrcasc in the plasma protons after the week of plasma was 
striking and affected both albumm and globulin, mostly the former There 
was also a striking mcrcasc m plasma -volume so that the total arculatmg 
albumin doubled m all experiments Unnary mtrogen remained uninfluenced 
during the week of plasma mjections, indlcatmg a complete retention and the 
achievement of a rcmaiiablc positive mtrogen balance. However, dunng 
the weeks followmg the mjections the output of unnary nitrogen mereased 
and m one experiment was so great as to wipe out all of the nitrogen retained 
dunng the week of plasma mjections In the course of 2 weeks the plasma 
volume returned to its previous levd as did the albumin and globulin concen 
trations. The diuresis which occurred dunng the week of plasma transfusions 
doubled the unnary secretion 


COMMENT 

The findmgs m these experiments were stnkmg and m some respects un 
expected That the plasma proteins and volumes should mcrease might have 
been foreseen but the magnitude of the changes was surprising Doubtless 
the dnircsis was a manifestation of the mereased colloidal osmotic pressure pro- 
duced by the large mcrcases m the concentration of plasma proteins Al- 
though nutntlonally the mtroduced amount of plasma as nitrogen was not 
excessive, m terms of plasma transfusions it was tremendous The protein 
mtake was 3 gm per kilo jper day, which is a large but not an unusual amount 
from the nutntional pomt of view, >ct it represents a volume of plasma greater 
than the plasma volume already present. In other words, the dail> injection 
doubled the amount of normally arculatmg plasma This contrast is of some 
mtercst when one considers plasma os a means of supplying protein nourish 
ment parenterally 

Totally unexpected was the large excretion of unnary mtrogen following 
the week of plasma injections One cannot escape the inference that all in 
jected plasma, — at least m the large doses used m these experiments, was 
not utilized as nitrogenous nourishment for the rest of the body By com- 
parmg the amount of plasma mjected with the mcrease of arculating protem 
observ’ed, it is obvious that during the week of mjections but a small part of 
the injected plasma protem remamed m the blood The actual percentages 
are, m the three expenments, 9 9, 13,5, and 13,5 per cent (Table n) That the 
rest was taken up by the tissues seems obvious for there was no mcrease m 
unnary mtrogen dunng this period It is conceivable, of course, that the 
protein was slowly catabolized m these tissues, the end products bemg stored 
for a while but eventually excreted m the unne. Nevertheless, the present 
data cast doubt on the assumption that the body is able to utilize plasma pro- 
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terns m the building of protem tissue elsewhere, at least when mjected m large 
amounts In contrast to these findings with plasma, previous experiments 
showed no increased nitrogen output m the week following the mjection of the 
same amount of mtrogen as hydrolyzed casern It is of mterest to mention the 
findmgs of Schoenheimer el al (10), whofoimd m the rat that plasma proteins 
are bemg continuously destroyed and that their half hfe is about 2 we^ 

The present findings are not m agreement with the observations of Hohnan, 
Mahoney, and Whipple (3), who found no excessive mtrogen excretion durmg 
5 days followmg a 2 week penod of plasma transfusions However, the daily 
amount of plasma they injected was only about one-third that used m the 
present experiments If the difference is actually due to this circumstance, it 
suggests a himtation of the amount of plasma mtroduced mtravenously which 
can be utilized each day as protem alimentation The correction of nutn- 
tionaUy mduced hypoalbummemia with small repeated plasma mjections 

TABLE n 


Proportion of Injected Protein Remaining tn the Blood after the Week of Plasma Transfilsions 


Dog No 

Before plasma transfunons 

1 

Plasma 
protein j 

After plasma transfosjons ' 

1 

Infected plasma 
protein remaining 

mam 

TP 

TCP 

injected 

mm 

TP 

TCP 

in plasma 


cc 

gm fcr 
cent 

gm 

1 

u 

gpt per 
ctni 

tnt 

per cent 

C3 

482 

7 13 

34 4 

215 

616 

9 05 

55 7 

9 9 

C4 

515 

5 76 

29 7 

219 

746 

7 93 

59 2 

13 5 

D1 

442 

5 41 

23 9 

i 

236 

1 

690 

8 07 

55 7 

13 5 


P V — ^plasma volume, T P — total protem concentration, T CJP — total arculating 
protein 


already noted (7) is of mterest m this connection In view of the use of plasma 
transfusions to combat hypoprotememia of nutntional ongm m the human 
bemg, further observations seem mdicated 

CONCLUSIONS 

1 It proved possible to correct dietary hypoalbummemia m dogs by large 
plasma transfusions (about 50 cc per kilo per day) After 1 week of mjections 
the mcrease of plasma protem exceeded the normal level although but 10 to 13 
per cent of the mjected protem remamed m the blood There was an associated 
mcrease m plasma volume and a marked diuresis Durmg the followmg 2 
weeks the plasma volume and protem returned to their previous low levels 

2 The mtrogen mtroduced was retamed and produced no change m urmary 
excretion during the week of plasma mjections, but m the followmg 2 weeks 
there was an mcreased mtrogen output The inference would seem to be that 
the large amounts of plasma mjected m these experiments were not penna- 
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nentl> utilized by the body os nitrogenous nourishment but after some delay 
were largely excreted m the urine, 
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SYNERGISTIC ACTION OF HEMOPHILUS INFLUENZAE SUIS AND 
THE SWINE INFLUENZA \TRUS ON THE CHICK EMBRYO 

By FREDERIK B BANG MJ) 

{From the Deportment of Antmol and Plant PaJholoiy of The RockefdJer Inshtutefor 
Afedical Research, Pnnctton, Nao Jersey) 

PlAYX3 1 ASD 2 

(Received for publication, August 20, 1942) 

In 1931 Shope (1''3) established that swine Influcnra uns caused b> the concerted 
action of a vims and a bactenuerL The cbmcal and pathological slmilanties of swine 
and human Influenzas have led se\'eral workers (4-6) to suppose that human pandemic 
influenza might also be caused by two agents acting in cona^rt But no synergism 
has been effected In the laboratory animals commonl> susceptible to the human 
influenza virus (7)p nor has the inoculation of ferrets and mice simultaneously with 
ffemophilus influence siits and swine \nnis resulted In a more severe Hiww than 
that produced by \*irus alone (8, 9) 

Elkeles (10) found pigs to be susceptible to human influenza A Nanis and showed 
that the addition of cultures of U tnfiutnjie other human or swine, produced a more 
severe disease, Shope and Francis (U) corroborated this for the swine UemopktUa 
but found that * the increased seventy of the pneumonia produced by the swme virus 
and bacterium [compared to that of human virus and swine bactenum] seems to 
constitute a significant difference between the strains of human and swine influenza 
virus studied,” The> did not test human strains of B infiuertsae Other workers 
(12) have found that human E \nfiuen^e has no enhancing effect on the filtrate 
disease of swine, whether produced by swine or human virus but they admit that 
this maj be due to the fact that their strains of human Bemophtlus fail to persist 
m the pig 

The lack of cNidcncc for a bacterial component in mtcrpandemic influenza does not 
preclude the possibilit> that the pandemics arc due to two agents acting m concert 
for the two types of disease differ greatly in seventj A bacterial component in 
pandemic influenza is Indicated by the frequenev with which II xnfiuensae t\tis 
obtained in certain Army camps duimg the epidemic of 1918 Thus the whole 
question remains open and perhaps will only be settled during the next pandemic. 

The work just summed up shows that the failure to obtam a demonstrable 
synergism for human mfluenm virus m cipenmental animals is paralleled by an 
inability to transpose the complex swine infection to other ftnimflls It seems 
possible that if the latter disease can be reproduced m a different host this 
host may prove to be a smtable test animal for tests of synergism m human 
influenza. The duck embryo is susceptible to infection with a number of 
speaes of Eemopinitis, and the pathological response m all cases mimics the 
natural disease pattern (13-15) Burnet (16) has demonstrated that the 
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Hemopkdns influenzae suxs and swine \Trus resulted in a more severe disease than 
that produced by virus alone (8, 9) 

Elkcles (10) found pigs to be susceptible to human influenza A virus and showed 
that the addition of cultures of B influenzae, dther human or swine, produced a more 
icvere disease, Shope and Franas (11) corroborated this for the swine Hemophlus 
but found that ‘ the Increased sc\'enty of the pneumonia produced by the swine virus 
and bacterium [compared to that of human vims and swine bacterium] seems to 
constitute a significant difference between the strains of human and swine influenza 
virus studied ' The> did not test human strains of U influenzae Other workers 
(12) hav'c found that human B influenzae has no enhancing effect on the filtrate 
disease of swine, whether produced by swme or human virus, but thej admit that 
this may be due to the fact that their strains of human Bemopkilus fall to persist 
m the pig 

The lack of evidence for a bacterial component in mtcrpanderaic influenza docs not 
preclude the possibility that the pandenucs are due to two agents acting in concert 
for the two types of disease differ grestl> in scvtnt> A bacterial component m 
pandemic influenza is indicated by the frequency with which B influenzae was 
obtained m certain Army camps during the epidemic of 1918, Thus the whole 
question remains open and perhaps will only be settled during the next pandemic 

The work just summed up shows that the failure to obtam a demonstrable 
synergism for human influenza virus m mqienmental animals is paralleled by an 
inability to transpose the complex swine infection to other animals. It seems 
possible that if the latter disease can be reproduced m a different host this 
host may prove to be a suitable test animal for tests of synergism m human 
influenza The cluck embryo is susceptible to infection with a number of 
species of Hemophilia, and the pathological response m all cases mimics the 
natural disease pattern (13-15) Burnet (16) has demonstrated that the 
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human influenaa virus js pneumotropic in the duck embryo, for it will destroy 
most of the bronchial alveolar epithehum followmg intra-ammotic injection 
We have found that the combmed infection of embryos with swme iiiuenza 
vmis and B mflueiizae sms produces a highly lethal infection, while neither 
one alone kills many embryos Infection with the virus aUows the Eemphlus 

to persist longer than it does m normal embryos Finally the combmed in- 
fection has a selective destructive effect on the embryo lungs 

Materials and Methods 

All strains of Hemophilus tiijltieitzae sms and swine influenza virus used m these 
experiments were kindly furnished by Dr Shope 

H influenzae suts strain F was isolated from swme lungworms m 1941 It has 
been consistently capable of produemg swme influenza when combmed with the 
virus It was used after 30 transfers on blood agar 

B influenzae sms strain 451 was isolated in 1928 bj' Lems and Shope (2) It has 
been earned on artifiaal media smee then with loss of virulence (17) 

The Hemophlus was cultured and transferred as routine m 1 cc of defibnnated 
horse blood at the base of a plam agar slant 

The swme influenza virus, V 15, was isolated m 1930 and passed through 176 
mouse passages 

The PR 8 strain of human influenza virus (influenza A) was isolated from roatenal 
from Puerto Rico by Franas (18) and is mouse-adapted 
Influenza B (Lee stram) was isolated by Franas (19) 

Cultures of Hemophilus were killed by heabng to SS-GO'C for 30 mmutes (20) 
Various ages of embryos and methods of inoculation were tested m prehmmary 
trials before 9 day embryos were selected Some of these tests are shown in Table I 
The 9 day embryo has the advantage that the virus infection can persist for a number 
of dais before the embryo gains the abihty to regulate its own temperature and 
before it tends to become naturally resistant to many bactenal and virus infecbons 
Embrj os 9 days old were opened by cuttmg a window m the side of the egg and allow- 
ing the exposed chonoaUantoic membrane to settle slowly (21) This was moculated 
with a drop of the virus suspension, usually either in the form of fresh Berkefeld 
filtrates of diseased mouse lungs, or allantoic flmd from a previously infected embryo 
Occasionally the embryo was inoculated mth a sahne suspension of an infected 
chonoaUantoic membrane Control embryos were similarly prepared but not m- 
oculated with vmis The wmdow was covered mth Scotch tape and the embryos 
were incubated for 24 hours, aUownng the virus to gam a foothold before the Hemo- 
philus was added One-half of the membranes infected mth swme influenza virus 
were then moculated mth H influenzae suts and lemcubated The control mem- 
branes were also moculated mth Hemophilus Each experiment thus contamed at 
least three groups of embij os those receiving virus alone, those receinng nnis and 
then Hemophilus, and those receiving Hemophilus alone When it was desired to 
test the rclatii e effects of two inruses, five groups were set up, as ma> be seen m 
Table II The presence of Hemophilus on the membrane of embryos killed by the 
combination of bactenum and virus was always demonstrated by film, frequently 
in culture 



rREDERiK B BANG 


9 


Tests \\crc also made in each experunent for the presence of virus. One method 
wtu inoculation of allantoic fluid from one or two of the embryos Intranasally into at 
least two mice imdcr light ether anesthesia. Another test was further embryo 
passage followed b> intranasal mouse inoculation the test bong called positive if 
typical gross lesions devxloped in the lungs m 3 to 5 days. The agglutination of the 
chick’s own red blood cells (22) was also useful in detecting the presence of virus, 
but was only used m conjunction with the above tests. 

Later m the study crabr> os were fixed in Zenker s fixativ e plus 10 per cent acetic 
acid and sections stained with hematox>lin and eosin Only hve embryo* were used 

TABLE I 


Ldkal E^cct oj IlcmophUus ta/uensae tuu and Smnt Infiuenza 1 tms vtihn 48 Houn ef 
JnccuJothtt 


Uode of bociilaUoa 1 

An of 

eSLOTTO 

EatbiTO 

FOAtUt 

of vfnu 

Y/ 

({u3 

1 EmbTTOoInoCBlaledvItli 

VlmtlOQe 

dose 

Vina 4- 
ntmffhQmt 

No, of 

No. of 
anbryos 

No, of 
embfyta 

Dtad 

AUrt 

Dcftd 

AUrt 

Dead 

Alfre 

1 

tUjt 


kn 







Membmne ihnultaxLeoas 

10 

7 

48 

D 

5 

1 

4 1 

4 

2 

Amnio tk and alUntotc fluid 

12 

5 

72* 

H 

7 

2 

4 

5 

3 

Membrane, separate 

9 

2 

48 

0 

' 7 

■1 

6 

6 

1 

u t 

9 

3 

48 

2 

1 ^ 

2 

5 

6 

0 

u u 

9 

; 4 

24 

1 

1 2 

2 1 

4 

4 

0 


9 

1 ^ 

1 2** 


■El 

1 ^ ' 

9 

4 

c 

** 1 

9 

i 5 

1 36 

u 

1 9 

1 0 ^ 

7 

3 , 

5 

Totals for 9 day embryo* 

3 

33 

5 

' 31 

23 1 

1 

Mortality P<r cent 

8 4 

13 9 

65 4 


* 72 boor amnkjtk fluid from Infected embryo by aninloUc route 


although in certain eases moribund embryos were fixed to demonstrate the maximum 
pathological changes Heart blood cultures were taken from other embryos after 
immersing them for 1 minute m 2>nkcr’s fluid The chest wall was opened the heart 
scared, and punctured with a capillaty pipette (23) 

RESULTS 

Table I shows that the combmation of EmopkUus and virus consistently 
kills a greater proportion of embryos than does either one alone The combined 
figures also show that the percentage of embryos kille d by the combmation is 
three times as great as the sum of those killed by the two agents moculated 
separately, so that a synergistic effect is indicated. The mortality figures 
in Table I and subsequent tables cover a penod of 48 hours after moculation 
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SYNERGISTIC ACTION OF HEMOPHTLIJS AND INFLUENZA VIRUS 


With Hetnophltis, but it is to be emphasized that many experiments were ob- 
served for several days thereafter and no significant mcrease m mortahty was 
noticed in any of the senes Actually embryos m the combination senes were 
usually dead withm 24 hours after the addition of the Eemophihis 
The data m Table I also suggest that the mode of moculation and the source 
of Hemophilus make httle difference In later experiments the Hemophilus 
cultures were arbitrarily added 1 day after moculation with the virus 
Certam mmor variations m mortahty occur from experiment to experiment 
Many of these may be due to variations m absorption of toxms from the bacil- 
lus, for it was later found that mortahty mcreased if the Hemophilus blood 
suspension was first diluted in sahne, so that a greater volume of fluid, con- 

table n 

Epecl of Early and Later Passage of Swine Virus on Mortality of Embryos 


Early passage 


Late passage 


No of embrjo 
passage 

Viius alone 

Virua + 1 

Bemophlta 

Bcmophiltts 

alone 

No of 
embryo 
passage ' 

Vinu alone 

Virus 4- 
BemophiJus 

No of 
embrjos 

No of 
embryos 

No of 
embryos 

No of 
embryos 

No of 
embr>os 

Dead 

Alive 

Dead ' 

Alive 



1 Dead 

Ali\e 



2 

0 

7 

3 

s 

0 

6 

9 

0 

7 

1 

5 

3 

3 

1 

S 

5 

1 

1 

4 

11 

2 

5 

6 

1 

Total 

1 

12 

8 

6 

B 

10 


2 

12 

11 

4 

Mortal! t\ , 












per cent 

7 

7 

1 57 1 

9 

1 


14 3 

73 3 


taming the same number of orgamsms, could be added This diluted suspen- 
sion covered a larger area of the membrane, presumably allowmg for more 
absorption A similar effect has been noted m some recent (unpubhshed) 
V ork on the growth of the gonococcus on the chorioallantoic membrane An 
increase m mortahty was also produced by addmg 1 cc of sahne directly onto 
the drop of the Hemophilus blood culture 
The experiments m Table II were earned out to test the possibility that on 
senal embryo passage the virus of swine influenza lost the abflity to act syn- 
ergistically with Hemophilus The difference m mortahty between early and 
late passages is not statistically significant 


Human Influenza Virus 

The synergistic effect m the embryo can only be considered related to the 
phenomenon m the pig if some degree of specificity is demonstrable Table IH 
summarizes a senes of experiments comparmg the effect of moculating the 
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same suspension of H tnjliteiizae sttts on groups of embryos previously infected 
with human and swine influenea virus Two representative human strains 
were studied Each horizontal line represents a separate eiqienmeDt The far 
greater effect of the sn'inc virus indicates that there is some speaficity m the 
reaction m the embryo, just as there is m the pig 

Rectntly Isolaied and Stock Citltiwes of HcmopInJtis 

Buddingh and Polh (23) found in work with the meningococcus m the embryo 
that aNdrulent stock cultures invaded poorl> and killed few embryos, while 
recently isolated strains invaded tissue and produced septicemia and menin- 
gitis H influenzae suts is apparently rather slow to lose its abihty to act in 


TABLE in 

A ComporUon bdvttn JJuBtflu and SmM /njfucnsa Virus 


HamtQVlnu 

Item ^kiJns 

Swine Tirui 

Smls 

ho of 
embryo 

\lnu&laiK 

Vlnu± 

No of 
embryo 

PMMgC 

Vlnu akme 

VIru* + 
IltwffkUwt 

No o/ 
embryo* 

No oi 
embryo* 

ho ot 
embryo* 

No of 
mbryo* 

No of 
cxobiyo* 


Mirt 

Dead 

ABro 

Deed 

AUrt 

Dmd 

Alin 

Dnd 

Alin 

PR 8 

7 

n 

6 

I 

5 

1 

4 

3 


4 

5 


PR 8 

2 

n 

8 

4 

5 


8 






PR 8 

1 

1 

7 


8 

J 

8 

7 

2 

9 

7 

4 

L«(B) 

1 

1 

9 

1 

9 



8 

1 

6 

4 

5 

U U 

3 

0 

8 

• 

8 

1 

8 

8 

5 

4 

9 

III 

Total 

2 

38 

7 

35 

4 

38 


9 

23 

25 

10 

Mortality fer ent 

16 7 




71 4 


concert with the \nnis in the pig Strain 451 produced typical swme influenza 
after more than 175 passages, although it was no longer able to produce in 
fluenza by contact (17) Later this strain (No 451) lost its abihty to produce 
typical influenza when inoculated with the virus (24), and has since been 
earned on artificial media by Dr Shope for a total of more than 650 transfers 
for 14 years It was compared with the recently isolated swine stram which 
has consistently produced the complex disease (24) No great difference was 
found between the two strains when 24 hour cultures were inoculated on idenb 
cally prepared swme influenza embryos (Table IV) 

The establishment of the synergistic action of Eemopfnlus and influenza 
virus m the embryo is of interest because it allows a study and analysis of some 
of the factors concerned* From a study of the pathology of swme influenza 
Shope (6) has suggested the probabihty “that the activities of both the virus 
and the organism are influenced by the concomitant presence of the other 
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agent m the respiratory tract and that both actually contnbute to the lesions 
of swine influenza ” 


TABLE IV 

T/re Comparative Effect of Recently Isolated and Stock Strains of Hemophilus on Mortality 

of Embryos 


Recently isolated EemopMlus 


Old stock Bcmophtlus 

Alone 

+ virus 



Alone 

+ 11013 

No of embryos 

No of embryos 

No of embryos 

No ofembrjos 

No of embryos 

Dead 

Alive 

Dead 

1 

AU\x 

. . 1 

Dead 

Alive 



Dead 

Alive 

1 

9 

4 

6 

0 

10 

2 

S 

2 

8 

0 

7 

3 

5 

0 

9 

0 

7 

3 

4 

2 

7 

8 

2 

1 

9 

3 

7 

8 

2 

Total 3 

23 

15 

13 

1 

28 

5 

22 

13 

14 

Mortahty, per cent 

53 



48 


TABLE V 


Persistence of E influenzae sms on Normal and Influenza Embryos* 


Eemophtlut on normal membranes 

Hemophilus on membranes containing 

4tn passage swine infiaenxa virus 

4S hrs. 

48 hrs 

Appearance 

Fnm 

Appearance 

Film 

Shghtly cloudy 

— 

Clear 

— 

it (( 

— 

tricer 1 5 cm 

++++ 

Clear, ulcer 0 5 cm 

— 

Shght ulcer 

— 

Shghtly cloudy 

— 

Ulcer 1 5 cm 


Qear 

— 

if J « 

4 — 1 — 1 — h 

Shght ulcer 

— 

It 2 “ 

++++ 

Clear 

— 

“ 3 “ 

++++ 

(( 

— 

2 “ 

— 



Dead 

+++ 



Small ulcer 



* 2 drops of an emulsion of H influenzae suis from 10 cc of salme washings from a 30 hour 
chocolate agar slant were moculated on normal and mfluenza embryos 

Neither iirus nor Hemophilus was demonstrable b> the 5th daj after moculation 


In the experiments outhned m Table I showmg the increased mortahty 
produced by the combination of agents, a large number of organisms was almost 
always used m a small volume of the moculum (1 or 2 drops of undiluted blood 
from the standard culture) If fewer organisms are added, or if a dilute sus- 
pension of organisms from a chocolate agar slant is added to the membrane 

















































mEDERlE B BANG 


13 


infected with swine influenza virus, few or none of the embryos die The or 
gamsms, howc\’er, persist for several days longer tbnn thty do on normal 
embryos and produce larger ulcers with exudate Table V shows the results 
of one of the two experiments 

It IS evident from these results that infection of the chorioallantoic membrane 
with the VITUS of swme influenza predisposes to infection with H in 
jiucnzac sun 

Effect of Killed Ilemoplnlus 

Embryos moculated with the combination of agents often die 14 to 16 hours 
after the addition of UemophUus This suggests that death is due to products 
of bacterial growth rather than to m\'asion of the embryos, especially smee the 


TABLE VI 

Et^cci of Killed Banopkitus on Moridiiy ed Eaihryes 




1 DtulZ7flM>iCju 

iXone 

Dem4fk0ms 

+nru« 



No ofembryot 

No efeiabrTOs 

1 Ko o1cib1>j7w 

1 Ko e/embryoo 

1 No efembeyoi 


AUt« 

Hood 

AUro 

end 

Alirt 

1 : 

AUvo 

Ilesd 

AHro 

Deul 1 


4 

4 

2 

5 

n 

7 

i 1 

4 

1 1 

10 

5 

5 

1 

O 

1 * 

9 

9 1 

2 

Total 1 

10 

9 

9 

3 

15 

1 

16 

12* 1 

6 

Jlortnlity per eenl 

SO 



' 66 6 


* Cultures of these embryos were neg^itive for all bacteria including HemopkOus 


Size of the area covered by the inoculum affects the mortahty Further, blood 
cultures are usually negative 

To determine the effect of killed bacterm, 24 hour cultures of S influenzae 
sun were heated at 55-60®C m a sealed glass tube for hour (20) Embryos 
infected with swine mfluenza virus, and normal controls, were moculated with 
this emulsioru Control embryos received untreated 24 hour cultures Re- 
sults of two groups of experim ents are summanxed in Table VL These results 
diow that some product of the bacterial metabolism may act synergistically 
with the virus 

Pathology 

Swine influenza is essentially a lobular pneumonia with a characteristic 
histopathology Shopc (1) describes it as follows 

“The small bronchi and terminal bronchioles were filled with a polymorphonuclear 
leucoc>'tic exudate- Bacteria were never numerous in the exudates- There was 
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an extensive penbronchia] round cell infiltration Alveoli nere collapsed and 
frequently contained desquamated epithelial cells, small numbers of mononuclear 
w andenng cells Leucocytes and red cells were not found regularly in the alveoli " 

In pigs which have the filtrate disease, 

“the bronchial epithehum was damaged, there was a heaw' penbronchial cuffing 
with round cells and the alveolar walls were wrinkled, thickened, and infiltrated by 
round cells The collapsed alveoh were usually free of cells and, in contrast to smne 
influenza, no leucocytes are present, as rule, in the lumen of bronchi or in the alveoli 
of involved areas of lung” (1) 

In the gross the chonoallantoic membranes of embryos infected with swme 
influen 2 a, virus show httle unusual other than a shghtly edematous thickening 
and a little whitish exudate on the surface No defimte pocks are noticeable 
A few embryos die with extensive hemorrhage and thrombosis 

Histologically the chonoallantoic membranes of 10 to 12 day embryos m- 
fected with the virus of swme influenza show several unusual changes Within 
the first 2 days a marked and rather extensive phagocytosis of the chick’s own 
red blood cells occurs Phagocytic cells may be found contauung up to 6 or 
8 red blood cells each This occurs usually near a small hemorrhage m the 
absence of any noticeable inflammatory reaction (Fig 4) Since phagocytosis 
is often considered as a foreign body reaction, the obvious explanation is that 
the red blood cells have been coated with virus, as descnbed by Hnst (22) m 
the agglutination phenomenon, and are thus foreign to the embryo How- 
ever that may be, we have seen this same phagocytosis of red blood cells in 10 
day embryos infected with equine encephalomyehtis but have not seen it in 
other embryo infections 

By the 3rd day of infection with the swine virus the chonoallantoic membrane 

15 considerably altered Besides the scattered destruction of the ectoderm 
with a moderate polymorphonuclear response, there are heavy ribbons of 
infiltratmg cells m the mesoderm (Fig 5) Most of this appears related to 
blood vessels, either alongside or surroundmg them The predominant cells 
are mononuclears tightly packed together, with polymorphonuclears dispersed 
among them Occasionally the latter occur separately as tight clumps 

We have not noted the foa of ectodermal destruction descnbed by Burnet 
(25) as pocks These changes, however, occur in embryo-adapted virus, and 
we here are dealmg with recent embryo passages 

Six dajs after infection, when virus is no longer demonstrable m the al- 
lantoic fluid of the embiym, the membrane may show more chrome changes 
The ectoderm is greatly thickened, with layers of cells heapied on top of one 
another “Pearls” of ectoderm are swallowed in the chrome inflammatory 
tissue Occasionally whole areas of ectoederm with a caseous center are en- 
gulfed, with ectodermal cells pahsaded around the edge 
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Changes m the embrjo itself arc minor A few small hemorrhages may 
occur The epithelium of the bronchioles in the lung may be a httle irregular, 
but destruction is usually not great and inflammatory reaction is absent (Fig 
1) The occasional moribund embryo shows widespread thrombosis and 
hemorrhage similar to equine enccphalomj chtis in the embryo Burnet (16) 
has described sexerc damage to the embryo lung foUowmg mtra ammotic 
inoculation of human mfluenaa virus, but he also emphasizes the lack of find 
ings after moculation directly on the chorioallantoic membrane 

Injection tnth Hemophltis 

Gallavan and Goodpasture (13) found that Bmophtitts pertussis was capable 
of reproducing the pulmonary lesions of whoopmg cough when moculatcd into 
the amnion Later (14) it was found that strains of E injltienzae isolated 
from cases of memngitis frequently caused septicemia and occasionally a 
memngo^cephalitis in the embryo The exact relation of these organisms to 
the E uijluenvie suis here studied, is difficult to determine* 

Two more types of Ecmophtlus, even further removed, have been studied m 
the embryo Ecmopktltts ducreyi^ the cause of chancroid, induces character- 
istic lesions m the embryo but cannot readfly be earned for more than a few 
generations. The organisms may be found m large dumps m the infected 
tissue (15) EemopMus gaHtnanm^ the cause of acute coryza of chickens 
(26), will produce septicemia in embryos 12 to 13 days old when inoculated 
mto the amnion Masses of the bactena may be found both mtra- and estra- 
ceUularly in the infected lung tissue (Unpublished ezpcnments.) 

It is noteworthy that the first three all produce a disease pattern resembhng 
the natural disease The last, a natural disease of chickens, produces a much 
more extensive and severe disease m the embryo, for septicemia and pneu 
monia caused by E gaUtnanm do not occur in the adult chicken (26) 

E injluenzae suis kills only a small proportion of 10 day embryos, and the 
embryos usually throw off the infection m a few days. Heart blood cultures 
of thirteen 10 day embryos taken at vanous mtervals have all been native 
Pathological changes m the membrane and embryo are shght. The chonoal 
lantoic membrane is infil trated with a few polymorphonuclear cells which are 
usually concentrated in a layer just below the shghtly thickened ectoderm 
They may be grouped together in nodules Inflammatory changes are never 
as marked as m the virus embryos and ore practically absent from the central 
part of the mesoderm It is diflicult to find any bactena m the sections, A 
few penvascular foa of polymorphonuclears are occasionally seen m the em- 
bryo proper These have also been noheed m duck embryos infected with 
human meningeal strains of E influenzae (14) Older (15 to 19 day) embryos 
are usually not susceptible to E influenzae althou^ 2 of 12 heart blood 
cultures from 16 day old embryos were positive 
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The Combined Injection on the Membrane 

Sections of membranes with the complex infection show the same basic 
pattern as do sections procured after mocuktion of the mdividual components, 
but the changes are usually more marked Great masses of mononuclear cells 
are found around the vessels of the mesoderm Polymorphonuclears are 
scattered eveiywhere In addition there is frequent thrombosis of the blood 
vessels, with necrosis of the surroundmg tissues If an ulcer such as those 
described m Table V is sectioned, the destroyed and necrotic tissue may be 
seen pushed out onto the surface of the ectoderm There are masses of Hemo- 
philns deep m the base of the ulcer, mostly m the form of short rods If the 
embryo survives the infection and recovery sets m, the same general picture 
described for late infections with the virus alone is seen 

The Combined Infection in the Embryo 

The sahent histopathological features of the natural disease m the pig are a 
pluggmg of small bronchi and bronchioles with polymorphonuclears, a destruc- 
tion of the bronchial aha, an extensive peribronchial round cell infil tration, and 
a collapse of the alveoh with desquamation of the epithehum (1) All of these 
are reproduced m the chick embryo (Figs 2 and 3) except destruction of aha, 
which are not present until the 14th day A high mortality has been demon- 
strated m embryos moculated on the chonoallantoic membrane with the virus 
and bactenum of swme influenza If survivmg embryos are studied several 
days after inoculation, we find a remarkably selective destruction of the embryo 
lungs The epithehum of the smaller parabronchia and their adjouung sac- 
cules has frequently sloughed off into the lumen, the parabronchia themselves 
have collapsed and are later virtually obhterated by inflammatory tissue 
The penvascular mflammatory reaction, which is represented m a few scat- 
tered foa m embryos receivmg Hemophilus alone, spreads extensively through- 
out the lung m the complex infection Mononuclear cells now predominate 
near the bronchioles With the collapse of the parabronchia and bronchioles 
the whole lung becomes completely overwhelmed by inflammatory tissue so 
that only a suggestion of the ongmal structure remains (Fig 3) The skeletons 
of the parabronchial walls are surrounded and infiltrated by both polymorpho- 
nuclear and mononuclear cells Polymorphonuclears penetrate mto the 
center of the desquamated epithelial mass (Fig 8) The larger bronchioles 
are plugged with a poljanorphonuclear exudate Moderate mflamma tory 
changes may even develop m the tubular connections between the embryo 
lung and the air sacs The smuses may also be filled with a s imila r exudate 
(Fig 7) although the destruction of the epithehal hnmg of the smuses, like that 
in ferrets given xttus alone 127), is at least not mvanably present 
No other organs have shown pathological changes 
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It was earlier pointed out that killed cultures of Uemophlm could be sub- 
stituted for the hvt cultures and would still kill embryos infected with swine 
influenza virus. Histological examination of an embryo recemng the combina- 
tion of virus and killed bactenum shows that the killed bactena will stimulate 
an outpouring of polymorphonudeara mto the parabronchia and larger bron 
chioles (Fig 6) 

The histological dcscnption of these changes Is based on examination of 
sections from 29 embi^os, of which 8 received the combination of agents A 
more extensive senes wall be necessary for an accurate descnption of the patho- 
genesis of the combined infection This study, however, establishes the fact 
that the complex infection is entjrel> different pathologically from the infeo 
tions produced by cither agent alone 

DISCUSSION 

The chick embryo Is being used more and more frequently for the study of 
bacterial and virus infections because, as Goodpasture (28) recently stated, 
“it seems to have httle or no natural immumt> of cell types ordinarily sus- 
ceptible to particular \nruse3 or bactena m the usual hosts, at least until the 
last few days of incubation. At certam stages the embryo seems to offer m a 
way very similar to the natural host qiedficaUy favorable environments for 
the infectious agent.” 

The present study demonstrates that these statements are also true for a 
complex infection, caused by a combination of bactenum and virus The 
combined infection of the embryo has a mortahty Ecveral times that of the 
sum of the individual components This synergism also has the same spec 
ifiaty that is present m the pig Finally, the histopathological response 
mimics the natural disease, for the combined inoculation of the membrane 
produces a selective destruction of the embryo lungs, thus emphasizing the 
pneumotropic quahties of the combination 

It is true that Burnet (16) has demonstrated that the virus of human m 
fiuenza will produce a profound destruction of the embryo lungs when tnocvlated 
into the amnten, but this type of inoculation admittedly allows the virus im 
mediately to gam access to lung tissue Inoculation of the chorioallantoic 
membrane with the swine virus produces lung destruction only if cultures of 
Hemophilus are added 

Only the most tentative and hesitant explanations of this phenomenon can 
at present be suggested. The swine virus is present m the embryo following 
chonoallantoic moculation, even thou^ the changes so produced arc minor 
The addition of cultures of Hemophilus m some way bnngs out the pathogemc 
properties of the virus This may occur by mfinns of some bacterial toxm 
The lack of bactena m the embryo lung proper and the action of the killed bac 
term would suggest this. But this caimot be the complete explanation, for 
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we have demonstrated that infection of embryos with the virus alloivs the 
Eemophlits to persist longer and to produce larger ulcers 
It would seem that the establishment of the synergistic effect of E vifltienzae 
S7its and swine virus m the embryo furnishes us with a tool wheremth to study 
the combmed effect of similar agents isolated from human pandeimc influenza 
With Its aid the hypothesis of a complex etiology of human pandemic influenza 
may be more adequately tested 


SUMMARY 

The synergistic effect of Eetnophtltts vijJneuzae suis and swme influenza 
virus m the pig can be reproduced by the moculation of these agents on the 
chonoallantoic membrane of 9 to 10 day old chick embryos Two strams of 
human influenza virus that were studied failed to substitute for the swine 
VITUS m the synergistic reaction No loss of synergistic effect was noted when 
the swme influenza virus was put through 11 chick embryo passages Re- 
cently isolated and old stock strains of Eemophihis were equally able to enhance 
the effect of the virus Heat-killed cultures of E influenzae sms can be sub- 
stituted for the bactenal component of the reaction Infection of the embryo 
with swme influenza virus predisposes to infection with E influenzae sms 
The combination of E influenzae sms and swme influenza virus causes a 
selective destruction of the embryo lungs, not produced by the individual com- 
ponents This pneumonia exhibits the essential features of the natural disease 
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SVNERGISnC ACnOK OF HEMOPHFLTJS AKD IKFLTIENZA YmUS 


EXPLANATION OF PLATES 

The sections u ere stained with hematosybn and eosm 

The photographs were made by Mr J A Garble 

Plate 1 

Fig 1 Lung from 13 day embryo moculated on chonoallantoic membrane when 
9 da\s old mth swine influenza virus X 112 

Fig 2 Lung from 12 da> embrj o inoculated 3 da> s prenouslj ivith swine influenza 
\nrus and 36 hours preinously with a culture of Hemophilus Both moculated on 
membrane X 112 

Fig 3 Lung from 13 dav embryo inoculated 4 days prenouslv (9 days) with smne 
influenza virus and 3 da\s preinously with a culture of H vtflucitzae sms Note 
complete destruction of bronchi and normal lung structure X 112 
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It has been shown by Kendall, Hclddbergcr, and Dawson (1) that hyaluronic 
add IS one of the mam components of the hemolytic streptococcus capsule. This 
polj'saccharidc was originally described by Meyer and Palmer (2, 3) In vitreous humor, 
uinbihcal cord, and synovial fluid, and it has smcc been isolated from other sources, 
namdy akin (4, 5)# o- human mesothehonm (6), and the Rous sarcoma (7) Attempts 
to produce antibodies against this substance have so far been unsuccessful and 
there would seem to be httle possibility that specific serologic reactions can be used for 
its identification 

Hj’aluronlc add wiU umte with normal scrum proteins and egg albumin at about 
pH 4 to produce an insoluble complex. This property originall> noted by Meyer 
and Palmer (2) has been employed in a variety of ways (8, 9) to estimate the material, 
it can exclude the presence of os Lttle as 2 gamma per cc. with certaint> , although it 
is obviously not a tpedfic reaction 

Enzymes capable of hydrolyzing hyaluronic add, Inadentally destroying the 
property of union with protein at pH 4, ha\c been obtained from pneumococa (10, 1 1), 
B vfclchit (10), testicular extract (12, 13) leech extract (4, 13), and from a few non 
mucoid hemolytic strcptococa (9, 13) Sudi enzymes used m conjunction with the 
protdn reactions noted above will give a falH> accurate imprcsdon of the presence 
and amount of the polysaccharide In impure mixtures. 

The purpose of the present study, based on the foregoing facts, was to deter 
mine the occurrence of hyaluromc aad, or mucoid polysaccharide, in a number 
of beta hemolytic streptococa obtained from human infections, and from nor 
mal throats in which no subsequent infection developed 

Materials and Meihods 

125 strains were investigated , of these, 90 were from the Wisconsin General Hospital 
ftn d Student Infirmary ^ obtained over a period from November, 1940, to May, 1941, 
these organisms presumably denved from mfectious processes 35 strains were from 
routme throat cultures of children admitted to the Children s Ho^ital at Iowa City ^ 
In none of the latter group was any Infection noted after admission. 

In addition to the mucoid polysaccharide (henceforth referred to as MP) estima 
, 

^ We are indebted to the staff of the Wisconsm State Laboratory of Hygiene for its 
cooperation m obtaining the hospital strains, and to Miss Manon Jones, Umversity of 
Iowa Medical School, for sending us the normal throat strains 
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tions, the Lanceficld group and encapsulation of each strain was determined The 
chnical records of the patients furnishing the 90 hospital strains were examined to 
confirm as far as possible the presence of infection as well as its seventy 
Isolation of Strains — Pour blood plates were made with saline suspensions of the 
throat or wound swabs, and beta hemolytic colonies picked from these to streak blood 
plates to determine punty This second plate was the source of organisms for the 
subsequent procedures, and except as noted, no further passage on artificial medium 
was earned out The pour plate is desirable smee 21 of the strains showed beta 
hemoljais only when under the surface of the agar, giving the alpha change on the 
surface This was confirmed on the secondary' streak plates b> inasing the agar in 
the heavy porbon of the streak thus pushing the organisms beneath the surface 
Under these conditions strong beta hemolysis was observed, as in the onginal plate 
The majority of the non-group A strains exhibited this behavior, although 14 of the 
21 strains were in group A The 35 normal throat strains were from tnpheate streak 
plates incubated aerobicallj , in 10 per cent COj, and anaerobically 

Mdhodfor Quantitating the Mucoid Polysaccharide — In working out a method for 
determining mucoid pol} sacchande (MP) based on the aad protein reaction, sim- 
phcity and speed w'erc sought smcc the method was to be applied on a rather largo 
scale The matenal can be obtained either from neutralized 24 hour culture super- 
nates, or from very young capsulated oigamsms On heatmg such young organisms 
the polysacchande is promptly released into the solution 
At first a one-tube method w as investigated m which the turbidity devclopmg in 
mixtures of culture supemates and aadified buffered serum was compared wnth 
BaSOi standards Rcproduablc results could be achieved only with cxtraordinarj 
attention to details of pH, salt concentration, and composition of the medium Since 
It was felt that the method would not be generally practicable, it was abandoned 
Another method which was followed fora time was based on the observation that 
young capsulated organisms w ould agglutinate very vngorously w hen mixed with equal 
amounts of 0 5 u acetic aad That the agglutination was vci> likely due to the 
interaction of MP and protein w as indicated by the following where it appeared that 
the bactenal bod> wras fumishmg the protein component 24 hour (spontaneously 
dccapsulated) streptococa also agglutinated in 0 5 ii acetic and, but the reaction was 
abolished bj' 4 washings in distiDed water, this did not occur with the jmung capsu- 
lated form Resuspendmg the old washed orgamsms in either the original super- 
natant broth or in purified vitreous humor hjaluromc aad solution restored the 
agglutination No reaction occurred m 0 5 si phosphate buffer at pH 7 The mecha- 
nism of the joung capsulated organism flocculation was not immediately apparent 
smcc the surface exposed m this case would be preponderately polysacchande How - 
ever it was found that under such conditions of aadity the MP is vei> rapidlj released 
from the cell with an assoaated disappearance of the capsule, the situation then 
becoming similar to that of the old culture A sulnaent number of non-SIP produang 
strains exhibited aad agglutination to mvahdate anj general applicaPon of this 
as a method 

The procedure finallj adopted consisted of serial dilutions of neutralized culture 
supernatants lav ered o\ or aadified normal serum, prcapitabon taking place at or 
abov c the interface The medium emploj ed was bacto-neopeptone 1 per cent, bacto- 





Plate 2 

Fig 4 Chonoallantoic membrane of 12 da\ embryo infected 2 da\s pre\iouslv 
wnth Bwnne influenza \nrus X 117 

Fig 5 Chorioallantoic membrane of 13 da^ embrvo infected 3 da>s prcMoush 
with swine influenza Mrus X 47 

Fig 6 Lung from 13 dav embrj'o inoculated 4 davs pre\ louslj w ith sw me influenza 
\nrus and 3 da>s previously with kitted culture of ffcmophtlus N'ote leucocjtes in 
bronchi X 286 

Fig 7 Pol) morphonuclear exudate in sinuses of 12 da\ embrjo infected 3 da>s 
pre\noustv with swine influenza Mrus and 36 hours preiioush with a culture of 
Hemophilus Both inoculated on membrane (Same embrso as in Fig 2) X 1S9 

Fig 8 Remnants of bronchus in cmbrio guen combination of swine influenza 
Mrus and H influcneai sun Enlargement of Fig 3 X 804 
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beef extract 0 5 per cent dextrose 1 per cent NaQ 0 5 per cent, and sterfle aheep 
Bcrum 10 per cent, distributed In 5 cc. amounts in centnfuge tubes Inoculations 
ere made from the second blood plates noted above. After 24 hours incubationat 
37®C , 2 drops of 0 02 per cent phenol red were added and the culture was brought 
to about pH 7 6 with 0 5 u NaOH This neutralization is essential smcc sufBaent 
aad raa> be devTdoped during growth to cause complete AfP prcapitation, other with 
the bacterial or serum proteins After ccntnfugalion of the neutralized culture serial 
dilutions of the clear supernatant medium in ph>’5iologic salt solution were made, 
1 10 1 20 1 40 and 1 80 These dQuUons as well os the undiluted supernatant, 
were run into micro precipitin tubes over aadified normal horse serum and readings 
made after hour The aad scrum reagent was prq>artd m the following manner 
Clear non hemolyzed horse scrum was diluted 1 10 with 0.5 ir acetate buffer at 
pH 4.2 The reaction was brought to pH 3 1 with 4 Ji HCl and mcrthiolate 1 1,000 
added to a final concentrabon of 1 100 000 It should be noted that colorimetric 
(brora cresol green) pH detcrmlnabons In the presence of this amount of protein are 
extrcmcl> inaccurate, howcvxr no ugniffcaot difference in tltrc was nobced in a pH 
range between 3 and 4 Umnocubted medium gavx no ring at the mtcrface, TTie 
aadificd serum may be stored In the cold for many months 

Cultures reacting in a dilubon higher than 1 80 hav-c not been encountered Using 
purified h>Tiluronic aad from bovmc vitreous humor an end point of comparable 
intensity is obtained with a solution containing 0 002 mg per cc. This would mdi 
cate the presence of about 0 16 mg per cc. of culture supernatant m a strain produong 
maximal amounts, a figure of the some order of magnitude bos been found for group C 
strains bv means of a 6orae^vhat more accurate method (8) as wcD as for group A 
strains b> direct yield (14) 

Evalualtan of ilP Estimation Method — Although it is perhaps unlikely that any of 
the recognized streptococcal soinabc elements would be bberated dunng growth In 
large enough concentrabon to prcapitatc under the condibons of this method, the 
quesbon of its speofiatj naturally arises. It will be shown later that the majonty 
of strains possessing aad serum rcacUvit> fall into Lanccficld's group A, which might 
point to the C substance as the responsible factor Wth this possibility in mmd, 
formaraide extracts (15) were prepared with A strains giving 1 80 aad scrum titres, 
and from A strains in which no reaction appeared. These extracts were tested with a 
potent A groupmg scrum, with the result that the latter non MP producing strams 
reacted m shghtly higher dflubons than did the former strong producers. Further 
more neutralued culture supemates foiled to giv-c predpibn rcacbons in any dflubon 
when tested with group A specific serum 

The M substance of Lancefield was also to be considered m the hght of its known 
aad preapitabihty The following findings tend to ehminate this and the C sub- 
stance as sources of error Neutralized (pH 6 in this case) culture supemates were 
prepared from 31 strains, including ail degrees of aad scrum rcacbvity TreatiDg 
these with hyaluronidase from a Type I pneumococcus (10 11) either eliminated 
completel> , or reduced to a faint trace the aad scrum prcapitatc m all but one of the 

* About 1 mch long from tubing 3 to 4 mm. inside diameter Such tubes are used 
only once. 
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31 tested This one reacted in a ddution of 1 10 before and after enzyme treatment 
From the foregomg it may be concluded that in almost all instances the estimation 
method given here is reasonably rehable 

Encapsulation — ^Before neutralization of the 24 hour culture, 0 2 cc were inocu- 
lated mto 2 0 cc of the medium descnbed above in uhich 50 per cent defibnnated 
sheep blood was substituted for the serum After incubation for 3i hours at 37‘’C , 
Wnght’s stained film s were prepared 

Lancefield Grouping — ^The formamide micro method descnbed by Fuller (15) was 
used on organisms from serum-free broth 

ITNDINGS 

In addition to MP determinations, Lancefield grouping, and capsule stains, 
the type of colony appearmg on freshly prepared neopeptone blood agar as 
recommended by Dawson, Hobby, and Olmstead (16), and the nature of the 
growth in 10 per cent serum broth were noted Streptococci faihng to produce 
the MP factor almost invariably remamed glossy However, among the strains 
producmg this matenal, many were encountered which also showed no dis- 
turbance of the colonial surface Furthermore in those strains showing flat- 
temng, crater formation, or roughemng of the surface, one could not correlate 
the degree of this change with the amount of MP produced 

Concerning the growth in 10 per cent serum broth, there was a distinct 
tendency for the non-produang strains to show an extremely granular type 
of growth, while the MP producers remamed imiformly suspended These 
observations were made on neutralized cultures to ehimnate the effect of MP- 
protein preapitates In our particular group of strains this could be regarded 
only as a tendency, the most common exception being the frequent occurrence 
of non-MP produang strains which grew as very uniform suspensions under 
these conditions 

The results appear in Table I from which several facts may be demonstrated 
All the strains showmg positive reactions in the 1 40 to 1 80 range of dilution 
may be shown to be capsulated In the 1 20 range, capsules appear irregularly, 
and below 1 20 no stainable capsule could be found In general, the largest 
capsules appeared m the 1 80 group but it was not always possible to correlate 
capsular size with MP titre Different strains retain their capsules noth vary- 
ing degrees of tenacity, and exhibit different growrth rates It w ould therefore 
be unwise to assume that any one arbitrary mcubation period would allow 
optimal capsulation of all strains Of the 42 non-group A strains,’ not one was 
found to produce detectable amounts of mucoid polysacchande The dis- 
tribution of group A strains in the hospital compared with the normal throat 
strains is noteworthy, confirmmg the well established observation of Lancefield 
(17) that most streptococcal infections m man are due to this group Of the 


’ These were in groups B and C with one exception which could not be classified 
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35 strains from normal throats only 3 were MP producers, all of them cap- 
sulated and belonging to Lancefield’s group A. No other group A strains were 
encountered here In sharp contrast are the 90 hospital strains, if one disre- 
gards the 8 strains which were not associated with infection, 78 of 82 strains 
are group A, and 72 are MP producers. 

In evaluatmg the seventy of the infections it is folly recognired that the 
virulence of the organism is not the only factor involved. Of perhaps equal 
importance m affecting the clinical picture is the Individual host resistance as 
well as the sulfonamide thcrap> which most of the patients received In 


TABLE I 

Distribution Httcoid Polysaccjtcfids 


TtUt la id4 »ercm 

lt40 to liSo 

1 s 

lllO 

1 


90 bosplui and isfirmify ttraioi 

No of ftralns 

■ ■ 

■■ 

6 

15 

Shenring capgxtlM 

■ ■ 

WSm 

n 

?1 

Laneefidd groap A 

51 


6 

6 

From severe tnfecuoiu 

14 


1* 

0 

From oaodente infections 

29 

11 

4 

5 

From mod or doubtful infections 

6 

2 

1 

5 

Giving DO pUnlcal evidence of InfectkiQ 

0 

0 

0 

8 


35 Dorm&I throat strain 


No of strains 

2 

1 1 


32 

Showing capsules 

2 

1 1 


0 

Lance field group A 

2 

1 


0 


• Complicated by Stcpk^ioooccus eurais 


Spite of these limitations the infections were grouped as severe, moderate, and 
rofld It was of mterest that a certain number of the strains were denved from 
patients showing no climcal or pathological evidence of streptococcal infection. 

The group of severe infections comprised those showing a septic febrile course, 
a positive blood culture, or a particularly protracted illness with or without a 
spikmg temperature curve. All exhibited marked leukocytosis. Four of these 
infections were fatal, and one required amputation of a limb In the moderate 
group were placed infections of rather shorter duration and less alarming nature. 
Most of these were acute sore throats with more or less intense pharyngeal 
injection, and a 3 to 5 day temperature elevatioD, often followed by otitis 
media It is not certam t^t ah of the so called mild cases were of strepto- 
coccal etiology They were usually transitory sore throats with a 24 to 48 
hour fcbnle period sometimes without leukocytosis or marked jAaiyngeal 















26 


mrCOID POLYSACCHARIDE IN HEMOLYnC STREPTOCOCCI 


inflammation One of them was an otibs media m a diabetic child aged 7, 
who remamed afebnle throughout the course of the illness 
As IS shown m the table, there is a progressive decrease m the proportion of 
high MP-producmg strams as one goes from the severe types of infection to the 
mild ones No fatahties occurred due to strams preapitatmg m a titre of less 
than 1 40 Although the numbers were too small to have much significance, 
a relatively greater proportion of children were infected with organisms of low 
hIP content 


DISCUSSION 

The data presented above tend to confirm the impression that most senous 
human hemolytic streptococcal infections are due to orgamsms in a phase 
descnbed by Dawson (16) as mucoid, and by Todd and Lancefield (18) as 
matt, these designations very likely bemg qmonymous The important factor 
m the matt designation has been the M substance, while the common factor 
mdicated by Dawson and others as assoaated with mucoid strams is the mucoid 
polysaccharide, or hyaluromc aad, presumably a capsular substance The 
latter has not been sought m any very large number of human strains, and it is 
not impossible that these two substances are invariably assoaated m any matt, 
or mucoid strain The present work shows the wide distribution of the mucoid 
polysaccharide in streptococa from man, and the wide variation m the amounts 
appearing in different strains In the absence of a more or less quantitative 
study, many of these strains, although producmg appreaable amounts of 
polysaccharide, would not ordinarily be classified as mucoid, indeed they could 
not under the current descnption of this phase 

Lancefield has shown that the protem M substance is partly responsible for 
type speafiaty m group A streptococa, and for the protective effect of anti- 
sera and vacanes There is evidence that the anti-M antibody brmgs about 
opsonization of capsulated orgamsms, this has been suggested as a typing 
method (19) These facts would constitute good evidence that the M substance 
IS resjionsible for virulence were it not for the observation that this material 
may be obtained in equally large amounts from avirulent strains (20) That 
one might stimulate protective antibodies with a substance not itself responsi- 
ble for virulence is conceivable, recalhng the non-type speafic immumty ob- 
tained with the pneumococcus (21) 

The pKJSSibility that the mucoid polysacchande may play a part m virulence 
IS raised in the first place by its capsular location, the fact that capsular autol- 
j’Sis is assoaated mth the appearance of spontaneous phagocytosis in normal 
blood IS also suggestive (22) Hirst (14) has studied the effect of leech hyalu- 
romdase on protection He was able to show that this enzyme which causes 
rapid decapsulation in strains of either group A or C, is protects e only for mice 
infected with group C strains, and it was concluded from this (23) that the 
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capsular substance pla>'s little or no part In the virulence of group A strains. 
Using another source of hj'aluromdasc, on extract of beef testis, we have ob- 
tained essentially the same results with the same strains employ cd by Hirst, 
howe\er it has been our experience that group C organisms of guinea pig origin 
arc less rapidly fatal than are group A atrams The average time of death 
for the latter is around 24 hours, while the fatal period for group C infections 
is nearer 48 hours Wth this m mmd as a possible explanation for the differ- 
ences m therapeutic effect, we repeated the experiment using larger amounts of 
enzyme at more frequent mtervals, and obtained permanent protection in group 
A (S 23) infections mvolving between 10 and 100 illj> This effect is men 
tioned only in a preliminary way for the purpose of discussion, more detailed 
8tud> is in progress 

These findings pomt to the mucotd polysacchande as a factor of definite 
ngruficance m the virulence of hemolytic streptococci of human ongin, 

SUiniARY 

1 A rapid method for the roughly quantitativ’C estimation of mucoid poly- 
sacchande in hemolytic streptococa has been descnTicd 

2 Using this method, about 94 per cent of strains from moderate or severe 
streptococcal infections m man have been found to produce mucoid polysac 
diande in greater or less amount In a group of streptococci from normal 
throats only about 8 per cent produced this substance, all of the producers 
faUing into Lancefield’s group A 

3 Of the Lancefield group A strains from both nonnal and infected sources, 
92 per cent showed the presence of mucoid polysacchande m culture dilutions 
of 1 10 or higher 

4 The probable significance of the mucoid poly-saccharide in streptococcal 
Virulence is mdicated 

We are indebted to Mr E H. Kass for much assistance m this work, particularly 
m connection with the enzyme preparations. 
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; crc dissoUcd m distilled water in the fohowing concentrations 
2 5 mg per 100 cc. The solutions were heated in the Arnold 
i tes, and were stored m the ice box. 

f BacteruU Growth — ^Since the number of organisms in a dear 
tonal to the opaQt> of the suspension, bacterial growth can be 
Jjt> (21) In these experiments measurements of turbidity were 
jan umv'crsal spectrophotometer, the readings on the loganthmic 
cd to and expressed in terms of optical density (turbidity) To 
1 comparing the growth cun*c3 thus obtained with those produced 
t should be emphasized that tuxbidimetnc methods measure the 
/rganisms, both limg and dead, while plate counts measure only 
'able organisms, A tube of uninoculated basal medium was used 
he colorimeter 

c inoculum was designed to produce a range of turbidity which 
J} measured with the spectrophotometer Since the measurements 
, c\ cry effort was made to inoculate a constant number of organisms 
lent A 24 hour growth of the organism to be tested was diluted to 
> of 0 I in sterile saline. 1 cc. of this suspension was then diluted 1 10 
, and 1 cc. of the final dHution was used for the inoculum Plate 
that the final oonoentiation of the Inoculum after additioo to the 
was approzimatd> 1 rnffhoa viable organisms per cc. 
o/ Tat Sotuiions —12 boon before each test 1 cc. of each sulfonamide 
added to 8 cc. of basal medium. The tubes were put m the incubator 
ncdia would all be at 3T®C when the organisms were added This was 
It step in producing constant results, for the amount of growth vaned 
II the organisms were added to media of different temperatares, 1 cc. 
jlum was added to each tube, mallng a total of 10 cc. To substitute for 
tmide 1 cc. of sterile saline was added to the control tube. 

alien of Growth Citroe during Deodopmonl of Resistanu to Constant 
Concentrations cf Sulfonamides 

he technique and precantfons described, the organism was transferred 
tedium plus the foUowmg constant amounts of sulfonamides sulfanila 
cc., sulfapyridine 10 ftQ /ca suUathiazole 2.5 /ig /cc., and sulfadiazine 
These drug concentrations were selected because th^ all had approzi 
^ bacteriostatic potency Daily readings of the turbidity of the 

u*w made every 2 hours for 8 hours and a final measurement was 
* hours. 

U 

re shown graphically in Fig 1 Following the initial lag period, 
a inhibition of growth the Ist day m all the tubes containing 
The greatest difference in growth between the control and 
r occurred from the 4th to the 6th hour after mocula 
I a gradual dafly development of resistance, the progress of 
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lococa were found to be resistant to all five drugs after being transferred nine times 
in EulfapjTadine and sulfatluazole (8) Wfith the gonococcus, the failure of one group 
to demonstrate msensitiveness to sulfathiazole (16) has given nse to the chnically 
important editorial suggestion that “the failure of the gonococcus to develop resis- 
tance to sulfathiazole suggests that sulfathiazole-fast strains are not likely to be 
developed in the chmc or to be spread to the general population” (17) Other in- 
vesbgators (18), who have demonstrated sulfathiazole-resistant gonococa, have 
naturally challenged this statement (19) 

These discrepanaes are probably more apparent than real, and are due to tech- 
mcal differences m the methods of performing the expenments Among the im- 
portant vanables are the nature of the medium, the size of the moculum, the con- 
centration of sulfonamide, and the method of measunng the results For example, 
a given inoculum of an organism may apparently be resistant to 100 (ig per cc of 
sulfanilamide and not to a similar concentration of sulfathiazole simply because the 
latter drug is so many times more potent than the former that the method of measur- 
ing the results is not suffiaentlv sensitive to record the small degree of resistance 
that is actually present 

The purpose of the present paper is to descnbe a method for studymg the 
quantitative aspects of the resistance of an organism to vanous sulfonamides, 
and to present the data obtamed when this method was apphed under ngidly 
controlled conditions It was hoped that through such a study the discrepan- 
cies of the earher work might be clarified, and that a clearer Imowledge of the 
fundamental nattire of the development of sulfonamide resistance might be 
obtamed 


Method and Materials 

Culture Medium — A synthetic medium, which was emploj ed for all expenments, 
was prepared in the followmg manner — 


(NHi):S04 

5gm 

NaCl 

5 gm 

Glucose 

2 gm 

KH-POi 

3 gm 

Casammo aads Difco 

2gm 

Distilled water to 1000 cc. 



The pH was adjusted to 7 6 with 1 ^ NaOH, and the solution was distnbuted in 8 cc 
amounts into 22 by 175 mm test tubes and autocla\ed at a pressure of 15 pounds 
for 15 mmutes After incubation oiermght to test for sterility the medium was 
stored m the ice box. 

Organism — A strain of E call, isolated from the blood stream of a patient with 
pj elonephntis and bactererma, was selected for the expenments, and was trans- 
ferred dail> in the basal medium This oigamsm showed typical cultural reactions 
as defined bj Bergej (20) 

Rtagcrts — Sulfamlannde, and the sodium salts of sulfapj-ndine, sulfathiazole. 
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and sulfttdiatme, were dissolved m distilled water m the following concentrations 
100, 50, 10, 5, and 2 5 rag per 100 cc. The solutions were heated In the Amdd 
steamer for 20 minutes, and were stored In the Ice box. 

Ddermtnaitoft of Badencl Grtneik — Since the number of organisms in a dear 
medium is proportional to the opaatj of the suspension, bactenal growth can be 
measured by turbidity (21) In these experiments measurements of turbidity were 
made with a Coleman universal spectrophotometer, the readings on the logarithmic 
scale were converted to and expressed m terms of optical density (turbidity) To 
av'old confusion in comparing the growth curves thus obtained with those produced 
bj plate counts, it should be emphaslxed that turbidunetne methods measure the 
total number of organisms, both hving and dead while plate counts measure onl> 
the number of \'inble organisms A tube of uninocuJated basal medium was used 
for the blank m the colorimeter 

Inoculum — The inoculum was designed to produce a range of turbidity which 
could be accuratel> measured with the spectrophotometer Since the measurements 
a‘ere quantitative, every effort was made to inoculate a constant number of organisms 
for each experiment. A 24 hour growth of the organism to be tested was diluted to 
anopticaldenstyofO Imstenlesahne. 1 cc. of this suspension was then diluted 1 10 
in sterile saline, and 1 cc. of the final dilution was used for the inoculum. Plate 
counts showed that the final concentration of the inoculum, after addition to the 
basal medium, was approziinately 1 mllhon viable organisms per cc. 

Preperaiten of Test Solultonf — 12 hoars before each test 1 cc. of each sulfonamide 
solution was added to 8 cc. of basal medium The tubes were put m the mcuhator 
so that the media would all be at 57^C when the organisms were added. This was 
an important step m prodnong constant results for the amount of growth varied 
widely when the organisms were added to media of different temperatures. 1 cc. 
of the inoculum was added to each tube, making a total of 10 cc. To substitute for 
the sulfonamide 1 cc. of sterile saline was added to the control tube. 

Ddermtnaiton of Growik Curoe dttnng Dcodcpmonl of RestsUince to Constant 
Conccniraitons of Sidfonontidcs 

Employing the techiuquc and precautions described, the organism was transferred 
daily in basal medium plus the following constant amounts of sulfonamides, sulfanila 
nude 100 /cc., sulfapyridme 10 fig /cc., snlfafhiarole 2 5 ;ig /cc., and sulfadiaiine 

2 5 ;ig /cc. These drug concentrations were selected because they aH had approxi 
matcly the same bactenostatic potency DaDy readings of the turbidity of the 
suspensions were made every 2 hours for 8 hours, end a final measurement was 
recorded at 24 hours. 

The results are shown graphically in Fig 1 Following the initial lag period, 
there was marked mhibition of growth the Ist day in all the tubes contammg 
sulfonamides The greatest difference in growth between the control and 
drug mhibited organisms occurred from the 4th to the 6th hour after mocula 
tion There was a gradual daily development of resistance, the progress of 
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•which IS indicated at intervals of 3 or 4 days on the charts. The organisms 
became maximally resistant at about the 10th to the 12th day Thereafter, 
transferring them for 20 more dal's did not produce any greater degree 
of resistance Further, no loss of resistance was observed after tiansfemng 
the insensitive organisms daily for 2 months in basal medium containing no 
sulfonamide 

Two pomts deserve speaal comment One is that when manmally resist- 
ant, the organisms were in no instance totally resistant, the) did not 
grow 05 well as the control However, If readings were made only at the 
end of 24 hours, this would not be apparent The explanation for this is that 
■with the heavy inoculum employed there was medium sufficient for only a cer- 
tain amount of growth, and at the end of 24 hours both the control and resist- 
ant organisms had gro wn out to this extent However, the 4 and 6 hour read 
mgs clearly show considerable inhibition of the resistant organisms Thus, the 
tone at which the results arc read is of primary importance, and erroneous 
conclusions may be drawn if this factor is not carefully considered The other 
pomt of interest is that the organisms became resistant to all the sulfonamides 
The significance of this observation will be discussed later 

Ddemttnaiion of Quatilttclw Rdaltcnships httwen 0r%amm5 Rcststonl tc 
Different Sulfonamides 

This eiqierunent was performed in conhmetion with Eipenment 1 At the end 
of 7 days, and agom at the end of 14 days, the organisms which were transferred In 
sulfonamide solobons^ and a control oigamsm, were set up against •vanons conccn 
trations of all four sulfonamide solutions m the foDcnving manner using the standard 
Inoculum, each organism was put into tubes containing 100, 50, 10, 5 and US ^ 
per cc of sulffldia^e, sulfathiaxole, sulfapyridine, and sulfanilamide, respectively 
The turbidity of the tubes was measured at 8 hours, and again at 24 hours. 

Except that there was a greater degree of resistance at the end of 2 weeks, the 
results at the end of 7 and at the cud of 14 days were essentially the same, therefore 
only the results at the end of 2 weeks are presented; and they are shown in Fig 2. 

For the sate of clanty, the fundamental pomts demonstrated by this experi 
ment are best enumerated as follows — 

First, the test organism became resistant to all four sulfonamides, sulfa 
diazine, sulfathiaxole, sulfapyndme and sulfanilamide. 

Second, there was a close correlation between the degree of resistance de- 
veloped and the bactenostatic potency of each drug For example, the degree 
of resistance to 100 pg /cc. of sulfanilamide was the same as that developed in 
response to 2.5 pg /cc. of sulfadiazme, and the figures for the control indicate 
that these concentrations of sulfanilamide and sulfadiazme were equally effec 
tive m inhibiting the control organisms In other words, the degree of re 
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which IS indicated at mtemils of 3 or 4 days on the charts The orgamams 
became majtimally resistant at about the 10th to the 12th day Thereafter, 
transferring them for 20 more days did not produce any greater degree 
of resistance Further, no loss of resistance was observed after transfemng 
the insensitive organisms daily for 2 months in basal medium contammg no 
sulfonamide 

Two pomts deserve special comment. One is that when maximally resist 
ant, the organisms were m no instance totally resistant, ix thty did not 
grow us vs ell as the control. However if readings were made onl> at the 
end of 24 hours, this would not be apparent The explanation for this is that 
with the heavy moculum employed there was medium suflSaent for only a cer 
tarn amount of growth, and at the end of 24 hours both the control and resist 
ant organisms had grown out to this extent However, the 4 and 6 hour read 
mgs dearl> show considerable inhibition of the resistant organisms Thus, the 
time at which the results are read is of primary importance, and erroneous 
conclusions may be drawm If this factor is not carefully considered The other 
pomt of mterest ts that the organisms became resistant to all the sulfonamides 
The sigmficance of this observ'ation will be discussed later 

Deierminaiton of QuatUtlaUtt Relcitonsinps behvctn Oriantsms Resislciil to 
Differeni Sitl/cnamtdes 

This experiment was performed m conjunction with Experiment 1 At the end 
of 7 days, and agtm at the end of 14 days, the organisms which were transferred in 
sulfonamide soluhons, and a control organism, were set up against vanous ooncen- 
tiations of all four sulfonamide solutions in the following manner nring the standard 
inoculum, each organism was put Into tubes containing 100 50, 10 5, and 2.5 pg 
per cc of sulfttdiaane, sulfathiaxole, solfapyndme, and sulfanPamlde, respectively 
The turbidity of the tubes was measured at 8 hours, and again at 24 hours. 

Except that there ■was a greater degree of resistance at the end of 2 weeks, the 
results at the end of 7 and at the end of 14 days were essentially the same therefore 
only the results at the end of 2 weeks are presented, and they are shown in Fig 2 

For the sake of clanty, the fondamentnf pomts demonstrated by this eipen 
ment are best enumerated as follows — 

First, the test orgaiusm became resistant to all four sulfonamides, sulfa 
dianne, sulfathiaxole, sulfapyndmc, and sulfanilamide 

Second, there was a close correlation between the degree of resistance de- 
veloped and the bactenostatic potency of each drug For example, the degree 
of resistance to 100 /ig /cc of sulfanilamide was the same as that devdoped in 
response to 2.5 jig /cc, of sulfadmame, and the figures for the control mdicate 
that thee concentrations of sulfanilamide and sulfadiazine were equally effec 
tive m mhibitmg the control organisms In other words, the degree of re- 
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which IS indicated at intervals of 3 or 4 days on the charts The orgamsms 
became maximally resistant at about the 10th to the 12th day Thereafter, 
transferring them for 20 more days did not produce an> greater degree 
of resistance. Further, no loss of resistance was observed after transferring 
the insensitive organisms dafly for 2 months m basal medium containing no 
sulfonamide 

Two pomts deserve special commenL One is that when maximally resist- 
ant, the organisms were in no instance totally resistant, i e , they did not 
grow ns well os the control. However, if readings were made only at the 
end of 24 hours, this would not be apparent. The explanation for this » that 
with the heavy moculum employed there was medium sufficient for only a cer 
tarn amount of growth, and at the end of 24 hours both the control and resist 
ant organisms had grown out to this extent However, the 4 and 6 hour read 
mgs dearly show considerable Inhibition of the resistant organisms Thus, the 
time at which the results are read is of primary importance, and erroneous 
condusions may be drawn if this factor b not carefully considered The other 
pomt of interest is that the organisms became resistant to all the sulfonamides 
The significance of this observation will be discussed later 

Deiermtttaiton of Quanttlaitve Rdaitonships bctwttn Or§amsms Restsianl to 
Difereitt Sttifottamtdes 

This e3q>enment was perfontied in conjunction with Expenment 1 At the end 
of 7 days, and agam at the end of 14 days, the organisms which were tranaferred m 
yulf onami riin 5olat3ons, and a control oiganism, were set vp against varjous codccd 
trations of all four sulfonamide solutions in the foBowing numner, using the standard 
inoculum, each organism was put mto tubes containing 100, SO, 10 5, and ^ 
per cc. of sulfadiazmc, sulfathiasole, sulfapyndine, and sulfanilamide, respectively 
The turbidity of the tubes was measured at 8 hours, and again at 24 hours 

Except that there was a greater degre e of resistance at the end of 2 weeks, the 
results at the end of 7 and at the end of 14 days were essentially the same therefore 
only the results at the end of 2 weeks are presented, and they arc shown in Fig 2 

For the sake of clarity , the fundamental points demonstrated by this expen 
ment are best enumerated as follows — 

First, the test organism became resistant to all four sulfonamides, sulfa 
diaxme, sulfathiasole, sulfapyndme, and sulfanilamide 
Second, there was a dose correlation between the degree of resistance de- 
veloped and the bacteriostatic potency of each drug For example, the degree 
of resistance to 100 /ig /cc of sulfanOamide was the same as that developed m 
response to 2,5 ng /cc, of sulfadiazme, end the figures for the control mdicatc 
that these concentrations of sulfanilamide and sulfadiazine were equally effec 
trve m inhibiting the control organisms In other words, the degree of re- 
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which Is indicated at inten'als of 3 or 4 days on the charts The or^gnnisms 
became maximally resistant at about the 10th to the 12th day Thereafter, 
tnmsfcmng them for 20 more dajTi did not produce any greater degree 
of resistance Further, no loss of resistance was observed after transferring 
the insensitive organisms dafly for 2 months m basal medium containmg no 
sulfonamide. 

Two pomts deserve special comment One is that when maximally resist 
ant, the organisms were m no instance totally resistant, t e , they did not 
gro^ as well as the control Howc\er, if readings were made onl> at the 
end of 24 hours, tha would not be apparent The explanation for tha is that 
with the heavy moculum employed there was medium sufBaent for only a ccr 
tarn amount of growth, and at the end of 24 hours both the control and resist- 
ant organisms had grown out to this extent However, the 4 and 6 hour read 
ings dearly show considerable inhibition of the resistant organisms Thus, the 
time at which the results ore read is of primary importance, and erroneous 
condusions may be drawn if this factor Is not carefully considered The other 
pomt of mtercst Is that the organisms became resistant to all the sulfonamides 
The significance of this observation will be discussed later 

Ddermwaiton of QuanitUUtve Rdaiioitships hehouii Oriantsms Rautani to 
Different Sulfenamtdes 

This experiment was performed in coohmctlon with Ei^riment 1 At the end 
of 7 days, and again at the end of 14 days the orgamsms which were transferred m 
suHousmlde solatioas, and a control orgaoism, were set op against varfooj coocen 
trations of all four sulfonamide solutions in the following manner, usmg the standard 
inoculum, each organism was put mto tubes containing 100 50, 10 5, and 2JS ng 
per cc. of sulfadianne, sulfa thla role, sulfapyrfdme, and sulfanilamide, respectively 
The turbidity of the tubes was measured at 8 hours, and agam at 24 hours. 

Except that there was a greater degree of resistance at the end of 2 weeks, the 
results at the end of 7 and at the end of 14 days were essentially the same therefore 
only the results at the end of 2 weeks are presented^ and they arc shown m Fig 2 

For the sake of clonty, the fundamentaf pomts demonstrated by this experi 
ment are best enumerated as follows* — • 

First, the test organism became resistant to all four sulfonamides, sulfa 
diarme, sulfathiazole, sulfapyndine, and sulfamlarmde 

Second, there was a dose correlation between the degree of resistance de- 
veloped and the bactenostatic potency of each drug For example, the degree 
of resistance to 100 fig /cc, of sulfanilamide was the same as that developed m 
response to pg /cc, of sulfadiazme, and the figures for the control indicate 
that these concentrations of sulfanilamide and sulfadiazme were equally effec- 
tive m inhibiting the control organisms In other words, the degree of re- 
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Third, organisms resistant to certam bactenostatic concentrations of one 
sulfonamide were equallj resistant to similar concentrations of the other 
sulfonamides For example, the organisms made resistant to 100 ^ig /cc of 
sulfanilamide were equalK as resistant to 50 fig /cc of sulfadiazine as was the 





WILUAlf U M KIRBY AND LOWELL A, RANTZ 


35 


or^nism made resistant to 2^ fig /cc of sulfadiazine In other wordSj there 
was no specific reaction between the organism and any one sulfonamide The 
same degree of resistance was developed for the heterologous as for the homolo- 
gous sulfonamide The 8imilant> in the form of all the graphs in the figure is 
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Fio 3 The effect of different sulfonamide concentrations upon the degree of re- 
sistance developed Organisms transferred daily for 10 days in a basal medium con- 
tainiDg 2 5 50 and 10 /cc. of sul f a nil amide were g r ow n in varioos sulfonamide 
solutions, and the results at the end of 24 hours were as shown above With 2 5 
pg of siUftnflarmde growth ^vas practically the same as for the control whfle there 
was on increasing amount of resistance devdoped with 50 and 100 fig respectively 


a further elucidation of this pomt. The relative degree of inhibition of all 
the resistant organisms by the various sulfonamides was exactly the same in 
every instance as it was for the control 
Fourth, organisms made markedly resistant to small concentrations of 
sulfonaimdes were only slightly insensitive to high sulfonamide concentrations 
To illustrate, very slight resistance to 100 ;ig/cc- of sulfadiatme was shown 
by the organism which was markedly resistant to 2.5 /ig /cc. of sulfadiazine. 
Further the organisms which were transferred daily m 100 fig /cc. of sulfanfl 
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anude were markedly resistant to 2 5 /cc of suKathiazole and sulfadiazme, 
but only sbghtly to 100 ^g /cc of sulfathiazole and sulfadiazme The effects 
of \anous concentrations of sulfonamides on the degree of resistance developed 
wiU be further clarified m the next section However, it should be empha- 
sized at this pomt that the concentrations of sulfonarmdes used m resistance 
experiments are of great importance, and that some of the errors m the pre- 
vious work m this field have resulted from emplojnng concentrations of sulfon- 
amides so great that resistance which was actually present could not be 
demonstrated 

The Effect of Vanous Concentrations of Sulfonamides on the Degree of 

Resistance Developed 

The control organism i\as transferred daily m tubes containing basal medium plus 
100, 50, and 2 5 pg /cc. of sulfanilamide. At the end of a week the organisms verc 
set up against vanous concentrations of sulfonamides in the manner desenbed for 
Expenment 2 

The experimental data are presented in Fig 3 The degree of resistance 
developed vaned with the concentration of sulfanilamide m uhich the organ- 
isms were transferred The organisms transferred in 100 pg /cc a ere markedly 
resistant, those transferred in 50 pg /cc were moderately resistant, and those 
transferred m 2 5 pg /cc were only slightly resistant The slight degree of 
resistance developed with 2 5 pg /cc suggests that unless there is actual 
inhibition of growth of the orgamsms, the mere presence of the drug in the 
medium will not cause resistance to develop 

To test further the effect of the concentration of the sulfonamide upon 
the de\ elopment of resistance, organisms made maximally resistant to 2 5 
pg / cc of sulfathiazole bj daily transfers for 14 days were then transferred m a 
medium containmg 100 pg /cc for 14 dajs As a control, the organisms were 
also transferred dailj m 2 5 pg /cc of sulfathiazole to see if further resistance 
developed After 14 daj's the organisms partiallj’’ resistant m 2 5 pg/cc of 
sulfathiazole had become considerably more resistant to higher concentrations 
of all the sulfonamides as a result of transfemng them m media containmg 
100 pg/cc of sulfathiazole, ishile the control was unchanged In other words 
the partially resistant organisms became more resistant when exposed to an 
enmronment contammg a higher sulfonamide concentration 

DISCUSSION* 

Certam fundamental pomts concemmg the de\ elopment of sulfonamide 
resistance hax e been clarified b} the quantitatn e exjienments herein desenbed 
Resistance, a graduallj dexelopmg process, has been demonstrated for all 
four drugs tested, sulfanilamide, sulfapjTidme, sulfathiazole, and sulfadiazine, 
regardless of their different cheimcal structures It has been shown that the 
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degree of resistance developed is directly correlated with the bactcnostatic 
potency of the sulfonamide, and further, that organisms made resistant to 
certam bactenostatic concentrations of one sulfonamide are equally resistant 
to similar bactcnostatic concentrations of the other sulfonamides. These 
observations strongly suggest that the development of sulfonamide resistance 
represents an mteraction between the organisms and the one common structural 
umt of all the sulfonamides, namely the p-amno nucleus,* 

The nature of this interaction ts not clear The two most widely held views 
concerning the nature of the development of sulfonamide resistance are (o) 
that resistant strains are the product of selective propagation of sulfonamide- 
resistant vananta (1, 14), and (i) that the mteraction of the drug with the 
organisms results m some alteration m the mtcnnediatc metabolism of the 
organisms, enablmg them to counteract the inhibitory effect of the sulfonamides 
(13) The demonstration of the quantitative nature of the interaction of the 
organisms with the />-amino nucleus m the present paper strongly supports the 
latter view In this connection, Wood (22) has very recently reported care- 
fully controlled experiments concerning the quantitative aspects of the mhibi 
tfoD of sulfonamides by para-ommobenzoic ood, m which it was shown that 
para ammobenxoic aad nullified the bactenostatic effect of all six sulfonamides 
tested, that the bactenostatic potency of each drug was directly proportional 
to Its abQity to counteract the antDiactcnostatic action of para aminobenxoic 
acid, and that for different concentrations the mmimnm amount of para 
ammobenioic aad required to prevent bactenostasis was such that the ratio 
of para ammobenzoic aad to drug was constant These obscn’ations sug- 
gested that the bactenostatic action of the sulfonamides woria mamly through 
the />-amino nucleus, which ts part of the structure of para ammobenzoic aad 
and all of the sulfonamides, and it was felt that these data supported the 
hypotheso, originally advanced by Woods (23), that the antagonism of the 
sulfonamides by para aminobenzolc aad represented the competitive inhibi- 
tion pf an essQitial ensyme reaction hy a substance chemically related to the 
substrate. It is of considerable mterest that the observations of Wood con 
cemmg the inhibition of the sulfonamides by para-amlnobensoic add are so 
simikr to those recorded in the present paper concerning the development of 
sulfonamide resistance, and it is possible that the same enryme system (or 
systems) may be responsible for both phenomena 

One group has advanced the opinion that m the development of sulfonamide 
resistance "the actual concentration of drug employed is probably of httle 
importance, smee organisms can be made resistant to a high concentration of 

* For the sake of sunplidty the benrene nudeus of the sulfonamides with the free 
amino group in the para position is referred to as the ‘part ammo nudeus” through- 
out this paper 
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drug by transferring repeatedly m the presence of a small concentration of drug 
as well as by mcreasmg the amount of drug m successive transplants” (7) 
The present studies mdicate, however, that when quantitative measurements 
are made, the degree of resistance developed is greatly influenced by the con- 
centration of drug employed Although certam hmitmg factors, such as the 
relation of the number of organisms to the total amount of medium, prevent 
the conclusion that a direct proportion exists, it is certamly evident that, for 
the concentrations employed, mcreasmg amounts of drug caused the production 
of mcreasmg amounts of resistance Conversely, it is of mterest that unless 
the drug is present m suffiaent concentration to inhibit the growth of the 
organisms, very httle resistance is developed 

A natural corollaiy of the evidence mdicatmg that the p-ammo nucleus is 
somehow concerned m the development of sulfonamide resistance is the opmion 
that all organisms susceptible to the bactenostatic action of the sulfonamides 
are capable of becommg resistant to all of the sulfonamide drugs It is felt 
that the previous reports (7, 16) that organisms are capable of becoming resist- 
ant to some sulfonamides and not to others are the result of madequate tech- 
nical methods An attempt has been made m the present paper to control, 
and to pomt out, many of the variables which are possible sources of such errors 
Of considerable clmical importance is the recently widely circulated statement 
that gonococci are capable of becommg resistant to sulfamlamide but not to 
sulfathiazole This opinion has been challenged by a group who have demon- 
strated sulfathiazole-resistant gonococa Further, it is reasonable to assume 
that, m cases of subacute bactenal endocarditis, changmg from one sulfonamide 
to another will be of no benefit to the patient once the organisms have become 
resistant There is considerable clmical experience m favor of this point of 
xnew The r61e that sulfonamide-resistant organisms may eventually play m 
human infections is uncertam, but with the evidence at hand it would seem 
reasonable to assume for the present that organisms susceptible to the action 
of the sulfonamides are capable under proper conditions of becommg resistant 
to all of the sulfonamide drugs 

SUIQIARV AND CONCLUSIONS 

1 7ji vitro expenments were performed with E coh, usmg a method designed 
for the quantitative stud}- of x'anous aspects of sulfonamide resistance 

2 Resistance was found to be a gradually developmg process, and was 
demonstrated for all four drugs tested, sulfanilamide, sulfap^Tidme, sulfa- 
thiazole, and sulfadiazme 

3 It was shown that the degree of resistance de\ elopied was correlated w ith 
the bactenostatic potencj of the sulfonamides, and that organisms resistant 
to certam bactenostatic concentrations of one sulfonamide were cquall> 
resistant to similar bactenostatic concentrations of the other sulfonamides 
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4 These observations were interpreted as indicating that the development 
of sulfonamide resstance represents an interaction between the organisms and 
the one common structural unit of all the sulfonamides, namely, the ^amino 
nucleus It is also suggested that this interaction may involve the same en- 
zjTue system (or S)’3tems) as those concerned m the antagonism of the sulfon 
amides hj para-armnobenzoic nod 

5 The relation of these findings to the broader aspects of sulfonamide 
resistance is discussed, and it is postulated that, dc^ite reports to the con 
trary, all organisms susceptible to the bactenostatic action of the sulfonamides 
are capable of becoming resistant to all of the sulfonamides 

BIBLIOGRAPHY 

1 Schmidt, L H, Scaler C , and Dettwefler, H A,J Pkarmacoi and Exp Therap , 
1942, 74, 17S 

1, MacLeod, C. M , and Daddl, B , Proc. Soc Exp and Med , 1939, 41, 69 

3 Lowell, F C, Strauss, E , and Finland, M., Antu Ini Med^ 1940, 14, lOOl 

4 Wcstphal, L,, Charles, R. L , and Carpenter, C AL, Vener Pis Inform , 1940, 

• 21. 183 

5 West, IL, and Coburn, A F , J Exp Med , 1940, 72, 91 

6 Stomp, T a Lancd, 1939, 2, 10 

7 Strauss, E , Dingle, J H., and Finland, M,/ /mmintoL, 1942,42, 313 

8 Strauss, E , Dmgle, J H , and Finland, M , J Immund^ 1942, 42, 331 

9 Hamburger M, Jr Schmidt, L. H., Ruegsegger, J M Seslcr, C L., and Grupen, 

E S,J Am Med Assn , 1942 m, 409 

10 Schmidt, L H , and Dettwefler, H. A. / Btol Chem , 1940, 133, p Ixzxv 

11 Green, FLF^ ,Bni J Exf Polk , 1940, 31, 38 

12 MacLeod, C. U. J Exp Med, 1940, 72, 217 

13 MacLeod, C M, Free. Soc. Exp and Med , 1939, 41, 215 
14. Dubos R, J, Bad Rev, 1940, 4, 1 

15 Schmidt, L H , Qangas, C. E , and Stariu, E , Proc. Soc, Exp Bud and Med , 

1940, 4B, 256 

16 Carpenter, C M , Charles, R., and Alhson, S D , Proc Soc Exp Btoi and Med , 

1941, 48. 476 

17 Editorial Sulfanilamide fast gonococa, J Am Med Assn , 1942, 119, 31 

18 Cohn, A., Steer, A and Sijo I , Am. J Med Sc , 1942 203, 276 

19 Cohn, A,J Am. Med Assn , 1942, 119, 519 

20 Bergcy D H., Manual of detcnninative bactenology, Baltimore, Williams and 

Wiltms, 5th edition, 1939 

21 Kohn, H. I , and Hams, J S , ^ Fkarmacol and Exp Therap , 1941, 73, 343 

22 Wood, W B , Jr J Exp Med., 1942, 75, 369 

23 Woods, D D , Bnt / Exp Path. 1940 21, 74 




THE VIRUS OF INFECTIOUS FELINE AGRANULOCYTOSIS* 

L Characters of the Virus PAnioGENTcrrY 
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School of hfediane and Denitsiry, Rochester, New York) 

(Receh*cd for publkation, September 19, 1942) 

Infectious feline agranulocytosis is a malady of cats only recently desenbed 
(l~i3) * This infection at Its height can be readily recognised and dififercntiated 
from other felme diseases by blood studies which male apparent the character 
isUc profound granulocytopenia, a less pronoimced leucopenia, and a marked 
relative lymphocytosis m the absence of thrombopenia and appreciable ane- 
mia, The cytological pictures of the bone marrow and pcnpheral blood are 
essentially similar to those which have been reported for human agranulocy- 
tosis. An additional charactensUc pathological feature is the presence of 
mtranudear mdusion bodies of Type A (Cowdry) m the Intestinal epithelial 
cells and in the reticular cells of the lymphoid tissue Detailed descriptions 
of the clinical, hematological, and pathological findings have been made (1-3) 

It was found, early m these studies (1) that the infective agent of infectious 
feline agranaloc3dosi5 has properties common to characteristic viruses. How- 
ever, most of the data from experiments designed to yield information about 
this vims were reserved for detailed presentation and now comprise the sub- 
stance of two papers. The experiments described m this paper deal with the 
nature, properties, and pathogematy of the vims. The second paper, which 
follows, presents the results of eipcnments that deal with the immunological 
relation of the vims of infectious felme agranulwytosis to other viruses. As 
the experimental woric reported in these two papers was done concurrently and 
the results are mutually supplementaiy, these papers are presented together 
All materials and methods arc described m the first paper The second paper 
includes a discussion of the facts reported m both papers, a consideration of 
these findmgs m relation to several papers whidi unquestionably deal with the 
same disease and vims (4-d), and a bibliography (the references are numbered 
serially throughout the two papers) 

• The present investigation was aided In part by a grant from the John and Mary 
R. Marfrlf; Foundation 

X Student Fellow in Medicine 

^ The references for this paper and the succeeding paper are numbered senaDy 
throughout both, the bibliography being given at the end of the second paper 
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240 cats With feline agranulocytosis have been observed ui this laboratory durmg 
the past 4 years The general characteristics of the disease are bneflv as follows 
An incubation penod of from 4 to 7 days (usually 5 or 6) following exposure to the 
infective agent merges mto the stage of clmical disease, which is characterized by 
Iistlessness, mappetence, and a prone position Vomiting, diarrhea, and nasal and 
ocular discharges occur most irregularly Death may intervene at any time after 
the 5th day foUowmg exposure Oral or perianal lesions ha\ e not been noted A 
desire for food is the best mdex of recovery, which usually requires only 5 or 6 days 
The mortahty rate approxunates SO per cent. The typical hematological changes 
mentioned above occur on from the 6th to 8th day after exposure. The most marked 
pathological findmgs are present m the bone marrow, lymphoid tissue, and mtestmal 
mucosa The bone marrow when exammed at the height of the disease shows a 
hypoplasia and an absence of differenbation of the myeloid cells The erythroid 
cells and the megakaryocytes are generally present m normal percentages The 
reticuloendothehal cells of the spleen and l)rmph nodes show evidence of proliferation, 
and mtranuclear mclusion bodies (Cowdry’s Type A), as evidence of specific virus 
activity, are not infrequently present m the cells of the gastromtestmal mucosa, the 
lymphoid tissues, and bronchial mucous glands 

Methods and Matcnals 

Cals — 410 domestic cats were utilized for passages and to determine the presence 
of active virus m test and control matenals They o ere also used m immumty tests 

It became immediately apparent when we b^n our studies of fehne agranulocy- 
tosis that the highly mfectious nature of the mating agent and the natural prevalence 
of the disease among cats from thickly populated districts made it essential to select 
and maintam each experimental animal with great precautions Accordingly, after 
the first 13 passages of the infective agent m senes m cats (1), we hmited as often as 
possible our supplj to kittens from farms where a history of illness or death among 
their resident cats was demed (Even then we not infrequently encountered animals 
that were immune to mfecUon bv the fehne virus, as some of our protocols show ) 
Many farms, free from the disease, provided several fitters each year We found that 
It was to our adv antage to bnng the animals personally from the farm to our isolation 
quarters m order to avoid anv possibihty of exposure to the mfectious agent The 
cats on amval were separated mto groups of from 3 to 6 ammak, which were mam- 
tained as entirelj separate units under ngid isolation for from 12 to 92 days in rooms 
mdelj separated from the animal house and from each other Each cat was housed 
m a smgle metal cage Durmg the penod of isolation, the blood picture of each cat 
was followed b> leucoev tc and differential counts, which were made at from 1 to 
3 dav mtervals (almost regularlj everv 2nd da>) Man> of the animals also had 
rectal temperatures taken Onlj those animals that appeared normal throughout the 
penod of isolation were used for experimental purposes Following exposure to any 
matenal under test for infectiousness, each cat had blood studies made dailv FinaII> , 

most of the animals without o\ ert evidence of illness after exposure to the virus were 
subscquentlv tested for activ e immunitv b> the mjection of a massiv e challenge dose 
of virus of known pathogcniatj or bv exposure to animals with the disease In 



SY\'ERTON» LAWRENCE, ET AL, 


43 


many of the expwnmcnts, 1 or 2 normal animals were maintained aa controls under the 
same environmental conditions, but they were not handled except to have blood 
counts taken 

At times, a single experiment, and therefore a single group of cats, answered several 
of the questions imder m\ esUgation in this study on the nature and properties of the 
etiological agent Thus one experiment might yield the following information about 
the mfcctiN e agent its pathogenidty by a given route of inoculation, its distnbntion 
withm the bod> of the host, and its filtcrabiht> throngh a given candle, as determined 
b> its pathogcniatj following filtration. Accordinglj , some of the 410 cxpenmcntal 
cats employed maj be referre d to sci'cral times. 

Other Ammals — 120 albmo Swiss rmcc, 54 inbred albino gumca pigs, 24 pure-bred 
New Zealand white rabbits, and 6 stock hybnd rabbits, 8 ground squirrels (CtieQus 
rtekerdrontt Sabme), and the chono-allantoic membranes of chick embryos were 
tested for their susccptibUit) to the mius. 

The animals were used in groups of from 2 to 4 when they were cmplqj ed to deter 
mine •pedes susccptibllitj to the virus, and m gronps of from 2 to 6 when blind semi 
transfers of tissue were effected The blood picture of each animal was followed for 
several davs before mjection. 

Vxrut of Infedtout Feltnt Agninuloc^losts — 32 strains of virns have been employed. 
The original stram was derived from hqiatic tissue and earned by rapid serial passage 
for 13 geneiations before bang glycennated (1) Subsequent to this first expenence 
we have used In our studies strains isolated from hver, spleen, intestinal mucosa, 
feces urine respiratory washings, and blood 

One stram of the virus of malig nant panlcuoipenla (4 5)’ and 3 strains isolated 
from the tissues of cats diagnosed chnfcafly as feline cntcntis were studied* and 
found to be mdistinguishable pathologically clinically, and immunologically from the 
virus of infectious feline agranulocytosis 

Other MolertaU Used for Inoculciian — ^Thc viruses of hog cholera * fox encephalitis * 
B virus infection, herpes (HF stram) vesicular stomatitis equine encephalomyelitis 
(U^estera type), and lymphocytic dionomcningitis were cmplcyed in attempts to 
learn if any relationship to the causal agent of infectious agiimulocy'tosis could be 
demonstrated 

Preporaiim of Virus Suspensions for Inoculaium — The tissues, which were used to 
provide the virus of felme agranulocytosis, were obtained from animals immediately 
after they died spontaneously or were killed bv chloroform or ether at the height of the 
disease (as determmed by the characteristic profound granulocytopenia) The 
suspensions containing each of the other viruses were prepared from glyceiinated 
tissues. When liver spleen, brain or lung was utilized, the tissue was thoroughly 

*We are indebted to F W Schofield and A W Bam of the Ontario Veterinary 
College, Gudph Ontario, and to W A. Hagan and W S Monlux of the New York 
State Veterinary College at Cornell Univeisity for glyccrinatcd speamens of liver and 
spleen from diagnosed dmicaDy as infectious feline ententis, to J F Enders and 
W A Hammon of Harvard Umvcrsity Mcdual School for tissues and immune scrum 
from cases diagnosed as malignant panlcucopenm to R. E Shope for hog cbolcja 
virus contained in whole blood , and to R. G Green for fox encephalitis virus. 
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triturated with alundum® in Locke’s solution to jueld a 10 per cent suspension Iileat 
extract broth was substituted for Locke’s solution when filtration experiments were 
contemplated (Before trituration, tissues presented in glycenn were first washed 
three times m Locke’s solution to remove excess glycenn) This suspension vas 
centrifuged horizontally at 1500 e p m. for 30 mmutes, and the supernatant fluid 
directly, or after filtration, was used undiluted or in decunal ddutions to inoculate 
ammals 

The procedure outlmed above neccssaril> had to be modified when mtestmal 
mucosa, blood, or body secretions and excretions were employed Unmodified whole 
blood and unne were used On the other hand, nasophaiymgeal washings, mtestmal 
mucosa, and feces (10 per cent by waght) were suspended m meat extract broth m a 
flask contaimng glass beads and shaken for 60 mmutes m a Camp SLx-flask shakmg 
machme operated by a horse power electric motor The flmd suspension that 
resulted was centrifuged at 2500 r p M. for 1 hour, and the supernatant hquid with- 
drawn and filtered through a Berkefeld “V,” “N,” or “W” candle, or a Seitz E-K disc 
The filtrate was used to inoculate animals 

FUlrahon — Berkefeld candles of “V,” “N,” and ‘TV” porosit>, and Seitz E-K 
discs were emploj ed New candles were used for the earher experiments and reused 
m later experiments All candles w ere cleaned by the successive passage of saturated 
potassium permanganate, saturated oxalic aad, and water, and sterilized by auto- 
claving Filtration was effected by negative air pressure obtamed by attaching the 
filter to a water system (A water bottle and mercury manometer were inserted 
between the filter and the water ^'stem ) The negative pressures in centimeters of 
mercurv routinely emploj ed for filtration were as follows candles, 10 cm , "N" 
candles and Seitz E-K discs, 20 cm , and “W” candles, 30 cm Serraha marcescens 
was emploj'ed to test the impermeabihty of the filters to nucrobial agents When a 
filter was found to be pervious to this bactenum, the results were not accepted m 
evudence of the filterabihtj of the causative agent. 

Preservation of Virus — 50 per cent glj cenn buffered to a pH of 7 2 with phosphates, 
and freezmg followed by dessication were the methods used for preservation of the 
vnrus 

Cultures — In our earher bacteriological studies, each virus suspension was used to 
inoculate a wide vanetv of media which mduded Douglas’s broth, blood agar plates, 
Loefller’s media, Fletcher’s media, media for growth of the pleuropneumonia group 
(7), deep meat tubes, and a modified Bordet-Gengou media for incubation under 
aerobic, anaerobic, and microaerophihc conditions In later bacteriological studies 
onlj Douglas’s broth and blood agar plates were inoculated with heart's blood, liv er, 
and spleen, and incubated under aerobic and anaerobic conditions 

Pathological Examnatton — Autopsies were performed on most of the animals 
whose death resulted spontaneouslj or from the purposeful use of an anesthetic. 
Tissues were fixed m Zenker’s (5 per cent acetic acid) fluid, sectioned, and stained 
accordmg to Giemsa’s method or bv means of hematoivlm and eosm 

^ Alundum, an clectncallj fused crjstallme aluinma, prepared bj the Norton 
Companv, Worcester, Massachusetts, was used because of its excellent "cutting” 
quahties 
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RESULTS 

Proptritcs of the Fdtne Infective Agent 

It became apparent early m these studies that the causative agent was not 
readfly cultivable, and that it satisfied criteria which are accepted as charac 
tenang a virus (1) Nevertheless the extreme contagiosity of the disease 
and the high inadencc of immunity among stock adult cats led us to question 
if our positive transmission experiments employmg filtrates for the inoculation 
of 24 animals (1), and the two positive transmission experiments cmplttymg 
filtrates for the moculatlon of 4 animals, os reported by Hammon and Endeis 
(4), constituted adequate evidence for the unequivocal filterabihty of the 
causative agent Because of this reasonable doubt, we made every effort to 
recover a cultivable agent and thereby to eliminate bacteria, fungi, or pleuro- 
pneumonia like organisms. 

Bacteriological Studies — ^The blood and visceral tissues were cultured by employing 
a wide variety of both common and q>eaal liquid and solid media (as described above), 
with incubation under aerobic, anaerobic, and microaerophllic conditions 

It was found that extraneous contaminants were present only rarely and most 
irregularly Moreover, microscopic study of sections and smears prepared from all 
affected tissues have not disclosed recognizable bactena or parasites, excepting in the 
tissues from the gastrointestinal and respirator tracts. 

It is apparent, therefore, that the results of the bacteriological studies sup- 
ported other evidence which showed that the causative agent was a filterable 
agent 

FtlUrdbUiiy — ^The agent readfly traverses Berkefeld candles of “N,” 
and ‘TV'* grades, and SeiU E-K discs. 

Typical feline agranulocytosis resulted (a)ia26of31 cats that were moculated with 
Betkiicld filtrates leprescnting sa^iensions prepared in seven experiments from 
hvex spleen, mtestinal mucosa, feces lung or respiratory washings (6) in 7 of 10 
inoculatcd with Berkefeld ‘‘N ' filtrates representing suspensions prepared in 
two experiments from hepatic tissue, and (c) m 12 of 13 recipients of Berkefdd “W** 
filtrates prepared m four mqicriments from hepatic tissue. 

It would appear from the foregoing results that the virus traverses Berkefeld 
‘ candles more readfly than either Berkefeld "V” or “N” candles. A more 
likely explanation, however, is that the difference in results can be asenbed 
to the presence of immune animals among the reapients of the Berkefeld 
“V** and “N” filtrates. However, that may be, because of the ready filter 
abflity of the agent through Berkefeld ‘TV” candles, the results of these filtra 
tion experiments have been mteipreted to suggest that the virus is of relatively 
■mail size, probably 35p or less Obviously, of course, ultrafiltration expen 
ments m which graded collodion membranes of known average pore diameter 
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are employed must be earned out before acceptable information on this pomt 
will be forthcommg 

Resistance to Glycerol and Drying — ^The infective agent of fehne agranulocy- 
tosis IS s imila r to other ^uruses m its resistance to glycerol and to desiccation 
when frozen 

The VITUS, as contained in affected hepatic tissues, and Lept m 50 per cent glycerol 
buffered at 7 2 for from 7 to 138 days, mduced the characteristic disease m 4 of 11 cats 
employed m three experiments when the glycennated tissue washed thnee m Locke’s 
solution and prepared for moculabon was injected by the subcutaneous or intra- 
pentoneal routes 

The virus can be preserved by drymg while in the frozen state 

The virus, as contamed m a 10 per cent suspension of hepatic tissue, was frozen at 
approximately — SO^C m a mixture of cellusolve and solid carbon dioxide, and dned 
by high vacuum distillation from the frozen state The containers were then sealed 
under vacuum and stored at refngerator temperature For use, the desiccated 
matenal i\as resuspended m sterile water, and 5 ml were moculatcd mtrapentoneally 
into each of 4 cats Two of these 4 animals dei'eloped typical fehne agranulocytosis, 
one on the 8th and the other on the 9th day after injection 

From this experiment it was concluded that the infectivity of the virus is 
not appreciably affected by desiccation in vacuo 

Pathogenicity by Different Routes of Inoculation 

Cats of all ages have been found to be susceptible to infection when virus is 
administered b}"" a xunety of routes of inoculation 

Intraperitoncal Route — Passage of the virus in cats has ordinanly been 
effected by the mtrapentoneal route This route seemed the most desirable 
because of the ease of a dminis tration and the assurance that all susceptible 
animals v ould contract the disease 

After baxang remamed eU durmg the 12 to 92 daj penod of isolation, 34 groups of 
cats, contaimng 127 ammals m all, were mjected intrapentoneallj vath 5 ml of \irus 
m suspension Of the 84 cats m the 21 groups that received unfiltered matenal, 

49 had the typical disease, of 22 cats m 7 groups that receix ed a Berl efeld ” filtrate, 

17 had the typical disease, of the 8 ammals m 2 groups that receu ed a Berkefeld "N” 
filtrate, 7 had the tjpical disease, and of the 13 cats m 4 groups that received Berkefeld 
“\\ ” filtrate, 12 ammals had the tj^pical disease 

The results that were obtained when virus was introduced by the intra- 
pentoneal route gi\ e ample evidence that cats are highly susceptible to infec- 
tion bv' this route On the other hand, the large number of cats that v as 
recorded as not having dev eloped the disease (35 or 84) can be asenbed to the 
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presence of immune animals among the recipients, and to the mclusion of only 
such cats as had unequivocal hematological evidence of the dis ea se It should 
be noted that man> of the cats found to be “refractory” to infection were m 
jeeted with unfiltcred suspensions of the virus Some of these cats were tm 
selected stock adult cats and, therefore, undoubtedly had been naturally 
exposed to the infectious agent As immature cats usuaU> were employed m 
filtration experiments, on the other hand, a much greater percentage of the 
cats yielded unequivocal evidence of the disease. 

In an effort to obtain a due os to the natural mode of infection, virus was 
experimentally mtroduced by peripheral routes, whidi mi^t mdicate whether 
the virus was transferred in nature by droplet mfectlon, contaminated food or 
water, or insect transmission Circumstantial evidence based on the extra- 
ordinary spontaneous commumcability of the infection by cage, body, and room 
contact made it seem possible that any one or all of the aforementioned vehicles 
were active. The intranasal route \ras first mvestigated, for it seemed to be 
the most probable route for natural infection 

Intranasal Rotrte — The mtroduction of the filterable agent by this route 
resulted in typical disease 

A single group of cats containing 6 animals was moculated under light ether anes* 
tbesia by dropping 0 1 ml of a tissue suspeosion containing virus into both nares. 
Two of the 6 cmlmals had characterutic hematological findings 9 and 10 days later, 
respectively 

This single experiment made it dear that cats are susceptible to infection 
when virus is inoculated mtranasallj When virus is mtroduced b> this route, 
however, it is most difficult to control its spread Accordmgly, no further 
experiments craploymg the intranasal route were undertaken 

Gaslrennlcslutal Rouie — In a prchmioaiy expenment, a 10 per cent fecal suspension 
was introdneed by means of a rubber tube into the stomachs of 3 cats. Two of the 
3 nnifnnlt camc down With the characteristic disease 4 and 17 days later 

From the results of this first experiment, it appeared that cats are vulnerable 
to infection by virus contained within the gastrointestinal tract It was 
thought advisable, therefore, to carry out a second experiment to confirm the 
results of the first experiment and to test diluted fecal material for its infec 
tivity 

Samples oi a fecal suspension representing 5 dilutions 10* 10*, 10‘ 10*, and 10*, 
were mtroduced through a rubber tube into the stomachs of as many cats. Only the 
2 ammala that received the 10* and 10* dilations contracted the disease. 

The production m cats of typical fclme agranulocytosis following the mtro- 
duction by stomach tube of a fecal suspension was accepted as presumptive 
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for the 9th daj, were inconsequenbal, however, for all 3 cats m this group were 
immune 

These experiments show that virus is present m the blood stream, and that 
its mfectivity is but httle affected by heparm, sodium citrate, or dessication 
tu mcuo when frozen As blood, therefore, constitutes a readily available 
source of virus, it was used in later experiments Moreover, the presence of 
virus m the blood stream throughout the predimcal penod, when related to 
the demonstrated mfectivity of virus moculated by the cutaneous route, mntpt; 
It apparent that the experimental criteria for possible arthropod transmission 
are satisfied 

The presence of virus in the blood of animals with agranulocytosis suggested 
that the infectious agent is widely distnbuted m the tissues Accordingly, 
lung, spleen, and hver, as representative tissues, were tested for the presence 
of virus 

In a single experiment, a Berkefdd filtrate, prepared from pulmonarj’- tissue, 
was used for the moculation of 6 cats, 3 intrapentoneally and 3 subcutaneously All 
6 had typical agranulocy'tosis from 6 to 8 days later, and 5 of the 6 died 

Splemc tissues from 2 animals were used for the intrapentoneal injection of 2 groups 
containmg 7 cats Of these 7 animals, 5 exhibited evidence of the typical disease 

Hepatic tissues from IS cats were used m 17 expcnments for the inoculation of 
80 animals Of these 80 cats, 44 had typical fehne agranulocytosis 

These results give ample evidence for the mfectivity of pulmonary, splenic, 
and hepatic tissues Because of the ready availability and abundance of 
hepatic tissue, this material was used frequently and for a variety of purposes 
It IS for these reasons that such a large number of ammals was mjected uith 
hepatic-tissue suspensions, and therefore, are mcluded m the present report 
The observTitions, which relate to changes in the dosages and methods of ad- 
ministration of the virus, are considered in the section that deals with “Patho- 
gematy by different routes of moculation " 

The question next arose as to whether virus is present m the ehminatory 
products of the body Accordingly, respuatoiy secretions, feces, and unne 
were mvestigated 

Respiratory secretions were tested first because the high incidence and 
epizootic nature of the spiontaneous disease and the ready communicability 
of the infection suggested that the malady is spread naturally by droplets of 
nasal sprays Howeiar, the almost complete absence of nasal secretions m cats 
at the height of the illness, led us to add mucosal sciapmgs from the respiratory 
passages and turbinates to the respiratory washmgs 

The matcnal, which was tested for virus, was obtained from a smgle cat by mixing 
the meat extract broth washings from its nasal passages with the mucosal scrapings 



SYVERTOV, LAWRENCE, ET AL, 51 

from its nasal passages and turbinates. This mixture was tnturated In broth and 
alundum, ccntnfnged, and filtered through a Bcrkcfcld candle to yield a filtrate 
which was used for the mtrapentoneal Inoculation of 3 cats Two of the 3 animals 
had the disease 7 days later 

The results of this single experiment show that virus is present m the respira 
tor^ passages at the height of the disease, and suggest, therefore, that nasal 
secretions constitute one vehicle for the natural spread of the virus Since 
we showed m eorher expemnents that the cat is susceptible to infection b> the 
mtranasal route, it becomes apparent that the regiuatory passages alone can 
serve as the portal both of ent and entry for the xanis. 

In an attempt to demonstrate virus m the feces, five experiments were ear- 
ned out In three of these experiments, the fecal suspensions were mtroduced 
parenterally, and m the other tv.o, the fecal suspensions were deposited within 
the stomach by means of a rubber tube. 

Seven cats m groups of 2, 2, and 3 rqircsenting three experiments, were mjected 
with Bcrkefeld filtrates Of these animals, 6 bad typical felme agranulocytosis 
on the Sth daj after Injection, 1 on the 6th day Four of the 7 died 
In the fourth aq>cnment, each of 3 cats was given 5 ml of a 10 per cent fecal su^ea 
sion by stomach tube. Two of these anunals developed the disease, 1 b> the 4th day 
after Inoculation and the other by the 7th day 

Each of the 5 cats, which were employed in the fifth experiment, received 5 nd 
of one of the foUowmg dilutions of a BcAefdd “V' filtrate 10^, 10^, 10* 10^, or 10* 
Of these 5 animals, the cats that were given the 10^ and 10* dilutjons came down with 
agranulo^tosis. 

These five experiments show that abundant vuus is present in fecal suspen 
sons. Indeed, it would have been surprising if the characteristic pathological 
changes m the mtcstmal mucosa were not associated with the presence of virus 
m the feces. Nevertheless, we realized, of course, that the virus present m the 
feces could have its ongm m nasal secretions, which had been swallowed, and 
therefore, that the associated occurrence of pathological changes m the Intes- 
tinal mucoja and of virus in feces merely suggested the intestinal mucosa as a 
source of virus. In on attempt to obtam further evidence on this problem, 
two additional experiments were imdertaken to detenmne If virus is present 
m the mucosal of the fleum. 

In the sixth experiment, the ileum of a single moribund cat was removed, washed 
carefully to remove all of the intestinal contents, and scraped 8tq>eifiaally to remove 
the surface epithelium These scrapings were used to prepare a Bcrkefeld 
filtrate, according to the technique outlined and the filtrafe was injected Intra 
pentoneally into cadi of 3 cats, AH 3 had the typical disease 7 days later 

Employing the same procedure for the seventh experiment, the mucosal lining of 
the ileum from another cat at the height of its disease was used to prepare a Berkefdd 
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“Y” filtrate for the mtrapentoneal injection of a group of 6 cats Tno of the 6 
animals were ill with the disease 5 and 7 da\ s later 

The results of the foregoing seven expenments show that virus is present 
m both the fecal content and mucosal lining of the mtestine \^Tien this en- 
dence is considered m relation to the results of preceding tests, in uhich it was 
showTi that cats are readily susceptible to infection by vmis mtroduced into 
the stomach by tube or through surgical exposure, it becomes apparent that the 
gastrointestinal route also can act as a natural portal both for the entiy and 
exit of the virus 

It seemed possible that virus nught be excreted in the unne Three expen- 
ments were earned out to test the possibihty 

Unne was withdrawn suprapubidj by synnge from the bladder of animals killed at 
the height of their disease It was used without further treatment, in doses of from 
2 to 5 ml intrapentoneally, for passage to groups of 3, 4, and 5 cats, respectivelj , in 
three experiments These experiments were earned out at mtervals of se\ eral months 

None of the first group of 3 cats showed evidence of disease, following the injection 
of unne, but these same animals contracted the disease 20 days later when injected 
with a Berkefeld filtrate of fecal suspension On the other hand, all of 4 animals in 
the second expenment and 3 of the 5 ammals m the third expenment had agranulocj- 
tosis m from 5 to 1 1 days after a smgle injection of imne 

The results of these three attempts to demonstrate virus in the unne of cats 
with fehne agranulocytosis suggest that virus is present irregularly in the unne 
of cats at the height of the chsease The demonstration of virus in two of three 
attempts, however, mchcates that contanunation by unne is another mechanism 
that must be considered m the natural spread of the chsease 

Sttsceplththly of Other Species 

Hammon and Enders (4) have found the rabbit, gumca pig, ferret, and mouse 
to be msusceptfble to infection by the fehne virus, and Kikuth, Gonnert, and 
Schweickert (6) (employmg an infective agent which appears to be identical 
with that described by Harmon and Enders, and by ourselves), found the dog 
(3 pups and their mother), rhesus monkey, rabbit, hamster, canary ,^hedgehog, 
and rat to be insusceptible The small number of anunals that they employed 
and them failure to use “bhnd” serial passages, except for bram matenal in 
mice, however, led us to carry out further tests to determine the susceptibility 
of common laboratoiy’ animals 

All ammals were isolated for at least 7 da\ s before bbnd senal transfers were earned 
out at 7 daj intervals Blood counts and temperatures were tal en bidailj The 
virus suspensions, which were used to imtiate each passage transfer, came from a cat 
that had exhibit^ a tvpical agramdoev nc blood picture and inclusion bodies, and 
had V leldcd virus of pro\ cn infcctiviu on transfer to 6 normal cats Because it %a5 
felt that the host cell nrus relationship might manifest different aCimUcs on transfer 
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in the tissues of speaes removed from the cat the susceptibility of 3 ^cs of tissues 
and their capaatj for canj ing the feline virus were tested by from 3 to 6 blind serial 
transfers. The source materials for transfer were brain tissue, hepatic and splenic 
tissues, and intestinal washings mdusivc of the mucosa The passage senes employ- 
ing bram tissue was initiated by Injecting a 10 per cent hepatic-splcnic suspension 
both mtiaccrebrally and intrapcntoncaIl> and thereafter using bram tissue for 
passage. The hepatic splenic tissue suspensions and Bcrkefcld filtrates of intestinal 
washings were injected intiapcntonealfy 

RabbtU — Four groups each containing 6 New Zealand white rabbits, were used 
Of the first group of 6 rabbits mjected with %'iruB of fdbe ongin 4 were given a 10 per 
cent hepatic splcmc suspension (2 Intrapentoneall) 5 ml I Intraccrcbrally, 0 25 mb 
and 1 both intraccrcbrally, 0.25 mb and intrapcntoncally 5 ml ) Although none of 
these animals showed signs of infection each of these 3 blind’ passages was carried 
for 3 more transfers in senes. The intracerebral senes was maintained by both 
intracerebral and Intnpentoneal injection of bnun tissue from the preceding genera 
bon the hepabc-splcmc tissue senes by the Intraperitoneal injection of these samo 
tissues from animals of the precedbg gencrabon, and the intestinal content series by 
the bjeebon of Berkcfeld Abates prepared from the intestinal contents of the pre- 
ceding generation. When none of these animals showed any evidence of infection/ 
eadi passage series was terminated b> making the final transfers to normal cats, Which 
had been mabtabed under isolabon The cats remained well as measured by tbe 
absence of (a) alterations b the blood picture, (6) clbical findings of disease, (e) 
tempeiatare changes suggesbve of disease and {d) histological changes m the ilemn, 
thereby bdlcating that no virus was present b tbe tissues under tesL Moreover, the 
susceptibility of these same cats was affirmed from 13 to 20 days later, when all 
contracted the typical disease on bjectiou with a virus suspension of known bfechvity 

From this expemnent we conclude that the rabbit is refractory to mfeebon 
by the virus of feline agranulocytosis Not only were two attempts to pass 
virus directly from the cat to the rabbit unsuccessful, but also attempts to 
enhance the pathogematy of the feline agent for the rabbit, by using 3 types 
of material (hepabc splemc tissues, bram, and intesbnal washmgs) for "blmd” 
Bcnal passages through 4 successive transfers m rabbits, failed to yield evi 
dence of activity Moreover, the failure of these matenals to ehat any evi 
dence of infection when returned to the feline host strongly mdicates that the 
virus 13 mcapable of setting up even an inapparent infection m the rabbit. 

The next three expenments were earned out with only slight modifications 
to test tbe susceptibiUty of 3 other speaes of animal, the gumea pig the white 
mouse, and the ground squirrel {Ciidlus nchardsonix Sabine) 

Gutnta Pigs — ^In the fint test, each of 4 guinea pigs was mjected mtiaccrebrally 
(0 1 mL) and btraperitoneally (2 ml ) with a felme hepatic suspension of proven 
bfectivity None of the animals showed any evidence for infeetbn 

The second test was designed and earned out b a fashion simDar to the ‘ bhnd” 
serial passage transfer b rabbits which was desoribed in the foregomg pxpenment. 
Three senes of 4 passages each were effected, employmg hepatic splenic tissues, brab 
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tissue, and intestinal washings, respective!}', as vehicles for the mfectiv e agent in the 
attempted mamtenance and carnage of the varus Twelve guinea pigs m 3 groups of 
4 were used for each passage The hepatic-splemc tissue passages and the bram-tissue 
passages were mitiated with a felme hepatic-splemc tissue suspension (2 ml intra- 
pentoneaUy and 0 1 mL mtracerehrally), and the mtestmal washmgs passage senes 
wath a Berkefeld "V” filtrate of fehne mtestmal washmgs (0 1 ml mtranasaU} and 
2 ml mtrapentoneally) In the subsequent 3 passages, for which gumea pig matenals 
were used, the anatomic sources of the inocula, dosages, and routes of inoculation 
remamed the same Total leucoc^-te and differenbal counts were taken 1 to 3 da} s 
before injection and on the 3rd and 6th days after mjeebon WTien the animals v\ ere 
killed on the 7th day after mjeebon, the suspensions for passage were prepared by using 
tissues from all 4 of the animals used m each senes After the fourth passage, the 
passage matenal from each senes was used for the mjeebon of 2 cats, and pieces of the 
lower ileum were removed for histologic study 

No evidence for infection was observed m any of the 48 gumea pigs or 6 cats em- 
ployed If any virus was transmitted after the mitial passage of infecbve felme 
tissues, therefore, the amount was insuffiaent to become established m the foreign host 

Aftce — Six successn e transfers at 7 day mtervals m each of 3 senes were effected 
before the passage matenal, under test for its abflity to carry virus, was returned to a 
feline host For each passage, 3 groups of 6 mice of from 20 to 40 days of age were 
used as reapients for hepabc-splenic tissues, bram tissue, and mtesbnal washings, 
respeebvely The two passage senes employmg hepabc-splemc and bram tissues v\ ere 
initiated by usmg a felme suspension of hepatic-splemc tissue, and the passage senes 
emplo} mg mtestmal washmgs was imbated with a filtrate of fehne mtestmal washmgs 
For the bram tissue passage senes, 0 1 ml was mjected mtracerehrally and 2 ml v\ ere 
injected mtrapentoneally, and for the hepatic-splemc and mtestmal washmgs senes, 

2 ml were injected mtrapentoneally 

A fourth and final passage senes was earned out using groups of 6 mice for the 
passage of pulmonary tissue every 7th day for four successive transfers The first 
group of mice was mjected with a virus suspension of felme ongm, and successive 
groups of mice received a 10 per cent suspension of pulmonary tissue prepared from the 
lungs of all of the 6 mice, which had been used m the precedmg passage Each mouse 
receiv cd 0 1 ml mtranasaU} and 0 5 ml mtrapentoneaUy 

On coraplebon of each passage senes, a suspension of the tissue under test was used 
to inject cats 

Of the 132 mice used m the four transfer senes, the 18 mice used m prclunmarv 
expenments, and the 8 cats used to test the infecbvit} of mouse tissues representing the 
final passage, none gav c any evidence, m the form of clmical, hematological, or histo- 
pathological findmgs, that the virus of felme agranuloc} tosis wasinfccbous for mice * 

'These expenments inadv ertentl} served another purpose, for the} gave good 
evidence that the inbred Swiss albino stram of mouse, which is reared for use in this 
laborator} , was free from the viruses known to cause mapparent infecbons m labora- 
tor} mice, n: , infectious ectromeha (8), I}iDphot5'bc chonomenmgibs (9), the virus 
pneumonias, as desenbed b} Dochez, Mills, and Mulhkcn (10), Gordon, Freeman, and 
Clampit (11), HorsfaU and Hahn (12), and Nigg (13), and spontaneous encephafo- 
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Ground Sqmrrds — Four succcssKe *Tjllnd” Bcml transfers m gophers were made. 
The 2 gophers that were empio) cd m each transfer received vinis by the mtraccrebral 
(0 1 ml) Intranasal (0 1 mL), and intrapentoncal (1 mL) routes. The 10 per cent 
feline splenic hepatic suspension prc\nously described was utiliicd to Initiate the series, 
and thereafter, hepatic and splcmc tissues from the 2 gophers In each preceding passage 
were used to prepare suspensions for the inoculation of the next generation in the 
passage senes WTien the final passage was terminated, representative portions of 
brain, Uv er, spleen, and mtestmal contents were obtained from both gophers, and used 
to prepare suspensions. The suspension of intestinal contents was filtered through a 
Bcrkcfcld ^ filter and the resultant filtrate was mixed with equal amounts of the 
unfiltercd suspensions of brain, hver, and spleen. Each of 2 cats received 5 mL of this 
mixture mtrapcntoncallj 

None of the gophers or cats employed in this experiment gave any evidence for 
infection bj the feline agent 

It is worthy of note that two attempts to establish the vims on the chono- 
allantoic membrane of the developmg chide failed to give any evidence locally 
for the pathogenidty of the virus, and, further, tissue suspensions prepared 
from these chono-allantoic membranes faded to yield virus when they were 
returned to susceptible cats 

It IS apparent from the results of the expenments above that our attempts to 
produce infection m speaes other than the cat were uniformly unsuccessful* 
From 4 to 6 ‘blind" serial passages were made m rabbits mice, gumes pigs, 
and gophers, employing the intracerebral, mtranasal, and intrapentoneal routes 
of mjection for suspensions of bnun, hver and spleen, and intestinal washings, 
respectively, for each spedes. The possibility that an mapparent infection 
was initiated and maintained by serial passages was ruled out when sus- 
ceptible cats did not react to the mjection of any of the tissues removed from 
the nnimBlg employed in the last passage transfer 

SnUUARY 

Thirty two strains of an infectious filterable agent, with properties that es- 
tablish It as a virus, have been isolated from a malady of cats This disease 
can be readily recognized and differentiated from other felme diseases by blood 
studies, which make apparent the characteristic profound leucopenia and 
marked relative lymphocytosis m the absence of thrombopenm and appreciable 
anemia (Because the cytological pictures of the bone marrow and blood are 
essentally smular to those which characterize human agranulocytosis, we have 

myelitis of mice (Thelleris disease) (14) Because munae encephalomyehtis may not 
become manifest for 30 or more days, 3 mice, rqircscntmg the fourth to sixth successive 
mouse passage m e ach series were permitted to live for from 30 to 40 days after the 
passages at 7 day mtcrvals had been tenmnated None of these mice showed any 
evidence of abnormality cither before or after their death. 
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named the disease tmder study “infectious fehne agranulocj tosis ”) The 
cytological reaction to the presence of the \Trus is further characterized by 
prohferation of the reticuloendothehal cells of the lymph nodes and spleen, 
and by the formation of mtranuclear mclusion bodies m the cells of the gastro- 
mtestmal mucosa, lymph nodes, and bronchial mucosa 
The etiological agent, the virus of infectious fehne agranulocji;osis, is patho- 
gemc for cats when given by the oral, mtragastnc, cutaneous, subcutaneous, 
mtrapentoneal, mtravenous, and mtranasal routes, it can be recovered at the 
height of the disease from the blood, spleen, hver, lung, mtestinal mucosa, 
nasal secretions, nasal mucosa and turbmates, feces, and unne The virus 
appears to be limited m its pathogematy to the fehne speaes We found that a 
variety of animals , as represented by albino Swiss mice, gumea pigs, domestic 
rabbits, and ground squirrels {Cildhts richardsonn Sabme), failed entirely to 
react to the mjection of massive doses of virus Repeated attempts at infec- 
tion of these animals regularly failed when the mtranasal, mtrapentoneal, 
subcutaneous, and mtiamuscular routes of inoculation were employed for 
smgle doses The same was true when from four to sue transfers m "bhnd” 
serial tissue passages were made Moreover, attempts to propagate the virus 
on the chono-allantoic membrane of the developmg chick were unsuccessful 
The significance of the facts is discussed m the paper that follows 



THE VIRUS OF INFECTIOUS FELINE AGRANULOCYTOSIS* 

n ImiTTNOLOOICAL RELATION TO OlHER VIRUSES 

By J S LAWTIENCE, J T SYVERTON, MJ), R. J ACKART, JU) 4 

W S. ADAiIS4 D M. ERVIN t A L. HASKINS, R. H SAUNDERS, 

M B STRINGFELLOW 110)4 and R. II WETRICHJ 

(From the Departments of Medicine and Baderudofy The Umvcmiy ef Rochester 
School of Medicine and Dentisiryt Rochester, Nob York) 

(Received for publication, September 19, 1942) 

Infectious feline agranulocytosis (1-3) is a disease entity in which the tissues, 
fluids, and excretory products yield a characteristic virus that is hi^y infec 
tious by a wide variety of routes for members of the cat family, as the eipen 
ments m the preceding paper have shown. The immunological relation of this 
newly described virus to other viruses is considered in the present paper 

Tests for Active Immtimty 

It was necessary to learn first whether cats that recover from either the spon 
taneous or expenmental infection (irrespective of the route of mocolation) 
ore sohdiy resistant to reinfection by massive doses of virus, as measured by 
the absence of the accepted cllmcal, hematological, or pathological evidence of 
disease In an experiment to deade the pomt, cats known to have had the 
typical disease in from a few days to many months previously were tested hy 
the parenteral injection of virus for their capaaty to resist reinfection. 

Thirteen cats, which were known to ha\'e had either the spontaneously or the 
experimentally Induced disease in from 4 to 2S8 days pre\'iouily, were tested for 
immunity by the intrapentoneal injection of a single massive dose of virus, consisting 
of from 3 to 5 mL of hepatic tissue suspcnsioa- 

All of the antmaT< proved refractory to reinfection 

It 13 apparent from the results of this eapenment that recovery from mfec 
tious felme agranulocytosis is followed by complete resistance to reinfection. 
Furthermore, this evidence was confirmed repeatedly under natural conditions, 
for the Hivafig has never been observed to recur m cats returned to the Animn i 
house after recovery Susceptible cats, on the other hand, regularly develop 
the disease qwntaneously shortly after admission to the safne quarters 

• The present investigation waa aided in part by a grant from the John and Mary R, 
Markle Foundation 

I Student Fdlow m Mediane 


57 



58 


VIRUS OF FELESTE AGRANULOCYTOSIS U 


Susceptibility of Normal and Immune Cats to Other Agents 

Experanents were undertaken in an attempt to demonstrate a relationship 
between tbe \arus of infectious feline agranulocjdosis and other agents These 
experiments fall mto three groups Group A, consisting of three expenments, 
employed normal cats in two expenments and immune cats in the third The 
animals in these expenments received a test dose of an agent conceunbly re- 
lated to the virus of fehne agranulocytosis that was followed 3 weeks later by a 
challenge dose of the fehne agent 

As the penpheral blood picture m hog cholera (15) is suggestive of that of 
fehne agranulocytosis (the pathological changes m the vanous organs were not 
reported), hog cholera virus was employed in the first experiment to determine 
whether clinical symptoms and changes m the blood and bone marrow would 
result m cats infected by this virus 

5 ml of whole blood contammg hog cholera virus were inoculated intrapcntoneallj 
mto 5 of 6 cats that had been m isolation for from 25 to 71 dajs None of these 
animals show ed any duucal or hematological evidence of infection How c\ er, when 
these 6 animals were mjected with a challenge dose of felme agranuloci tosis virus 
21 days later, the control and 3 of the 5 test animals developed tjTiical agranulocj’tosis 

From the results of this first expenment, it was concluded that the cat is 
refractory to mfection by hog cholera virus, and that there is no apparent rela- 
tionship between the viruses of hog cholera and fehne agranulocj’tosis 

Fox encephahtis virus was used for the next two expenments The only 
reasons for selectmg this varus were the shghtly suggestive resemblances be- 
tw een the climcal and pathological pictures of the two diseases, and because in 
so far as we know, the blood picture of fox encephahtis has not been studied 
Accordingly, Expenments 2 and 3 were planned to test normal cats and cats 
immune to mfection by the varus of fehne agranulocytosis for susceptibility to 
infection by the varus of fox encephahtis 

Each of the 4 test animals in each expenment was moculatcd under light ether 
anesthesia with a 2 per cent varus suspension, 0 8 ml intracistemallv , and 4 ml 
mtrapentoneallv \s controls, smgle animals were maintamed under identical 
conditions but were not injected 

None of these animals vaclded anv evadence to suggest that fox encephalitis varus 
was pathogenic for the cat, or that it had anv effect on the penpheral blood picture of 
this animal Moreover, these results were substantiated further when a challenge 
dose of V irus was giv en to each animal, for none of the immune animals showed anj 
evadence of felme agranulocytosis mfection, whereas 4 of the 4 normal cats dev eloped 
the clmical disease. 

These two e.xpenments convance us that cats are insusceptible to infection by 
the varus of fox encephahtis, that this varus docs not alter the penpheral blood 



LA’^'RENCE, SYVEKTON, ET AL. 


59 


picture, and that there is no apparent Immunologic relationdup between the 
two viruses. 

The experiments m group B were designed to learn whether the cat is sus- 
ceptible to infection by any one of the five viroses equine enccphalomyehtis 
OVestem type), \'csicular stomatitis (Indiana type), lymphocytic chonomenm 
gitis (W S stram), B virus infection, and herpes (Eff stram) 

For each experiment a single virus In 10 per cent suspension was employed for the 
Inoculation of 2 cats, 0 25 mb intraccrebrally and 1 ml mtiapcritoneaHy 

Of the 10 cats mjected, only a single animal, injected with vesicular stomatitis 
\drus, de^ eloped signs of disease as shown by a bilateral paralysis involvmg both hind 
limbs. Attempts to recover the virus of lymphocytic chonomeningitis virus from the 
spleens of cats that had received the virus intraperitoncally and intraccrebrally were 
unsuccessful 

The results of this second group of experiments make it apparent that of 
the viruses, when tested by ua, — the Western type of eqmne encepbalomyehtis, 
vesicular stomatitis, lymphocytic chonomemngitis, B virus infection, or herpes 
^none is pathogenic for the cat 

Siudtes on ike Idenitiy of ike Causal Agents of Itfedums Fdute AgramilocyiosxSf 
l^ahpuint Pardeucopenia of Ca(s^ Infedums Fdxne Enlenixs 

When the first paper by Hommon and Enders was pubbshed (4), it was ob- 
vious that they were working with a disease identical or closely related to the 
disease which we had described (1) It seemed desirable, therefore, to make 
comparative studies of the infective agents of these two feline maladies (16) 
Drs Enders and Hammon kmdly supplied immune scrum and glycennated 
tissues, consisting of the spleen, lymph node, and bone marrow from one animal, 
and splemc tissue from another These materials were used m two experi- 
ments 

The first eipenment was designed to show whether tissues from cases diag 
nosed as mabgnant panleucopenia contain an agent that would give rise to a 
clmically and hematologically identical with felme agranulocytosis 

The supernatant fiuid of a 10 per cent suspensioii, prepared from representabve 
portions of the glycennated tissues suppiUed by Drs. Enders and Hammon, was used in 
4 mk amounts for the inoculation of 9 cats. Of these 9 animals, 3 were nonnal and 
6 had recovered from feline agranulocytosis. 

All 3 of the normal ftphnais devdoped typical feline agranulocytosis in from 6 to 8 
days after Injection whereas the 6 agianulocytosis-immune animals showed no 
evidence to suggest either iflnets or an altered blood picture. 

This first experiment rnakes it evident that tissues removed from cats with 
malignant panleucopenia contam an infectious agent that gives nse to a disease 
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With chmcal and hematological features mdistmguishable from those of feline 
agranulocytosis Added evidence to support the identity of the two agents is 
the refractonness of agranuloc3d:osis-mimune cats to infection by the agent of 
panleucopema 

Further endence to support these findmgs was sought in the next experiment 
m which panleucopema-immune serum was tested for its protective effect 
against infection by agranulocytosis xorus 

Each of 3 normal cats was mjccted mtrapentoneaUy r\ith 5 ml of the test serum, 
and within a few minutes 4 ml of a suspension of felme agranulocytosis virus was 
mjected subcutaneously Each of 1 1 cats injected mtrapentoneallj w ith an identical 
amount of the same preparation of virus served as a control (Because we wanted 
cats with the disease for other purposes we made the control group unusually large ) 

None of the test animals contracted the disease, whereas the typical disease de- 
veloped m 10 of the 11 animals serving as a control 

It was concluded that the results of these two expenments estabhsh the 
identity of the two viruses 

Infectious felme entente is a second disease that somewhat resembles felme 
agranulocytosis m its chmcal picture, but published desenppons characterize 
It as a severe ententis Moreover, the blood picture m felme entente has not 
been desenbed Accordmgly, it seemed desirable to make comparative studies 
of this disease and fehne agranuloiytosis As a stram of the virus of felme 
entente was not available, we sought tissues from cats with an illness diag- 
nosed as felme ententis by qualified vetermanans Of three requests made to 
leadmg schools of veterinary mediane, two 3nelded tissues for study The 
procedure followed and the results obtamed were identical with those de- 
senbed m the study of the agent of panleucopema 

It was found that both samples of tissue yielded an infectious agent that is 
identical with the virus of fehne agranulocytosis We feel that these studies 
are mconclusive, however, because the penpheral blood picture of the source 
animals was not stuched It is impossible to say positively, therefore, that the 
cases, which were diagnosed clinically as felme ententis, were not felme agranu- 
locj’tosis 


Discmssiov 

The data presented m the present piapier and m that precechng it show the 
varus of infectious felme agranulocytosis to be the causal agent of a highlj 
infectious disease of cats To promote consideration of the significance of our 
observations, some of the results of these stuches will be bnefl> stated 

The felme raaladj is ciiaractenzed bj an extreme granuloiytopenia, marl ed 
relative Ijanphocytosis, less pronounced leucopenia, hjpoplasia with the 
absence of differentiation of the mveloid cells of the bone marrow, prolifera- 
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tion of the reticuloendothelial cells of the fymph nodes and spleen, and mtra 
nuclear inclusion bodies in the cells of the gastrointestinal mucosa, lymph nodes, 
and bronchial mucosa The high infectivity of the virus for the cat is TnnT>| 
fest when it Is inoculated b> the oral, mtragastnc, mtranasal, cutaneous, sub- 
cutaneous, mtrapentoneal, and mtravenous routes, but its pathogeniaty is 
limited to fclmc hosts The virus is widely distributed m the host’s tissues and 
flmds, for it is readily recovered at the height of disease from the blood, hver, 
spleen, lungs, nasal mucosa and turbinates, nasal secretions, mtestinal mucosa, 
feces, and urme All strams of the virus that have been tested are immunolog- 
ically identical 

The complete avirulcnce of the virus of fehne agnmulo<ytosis for any 
speaes other than the cat seems to distmgmsh this agent from the viruses 
whose pathogematy for other speaes is well established Our inability to 
infect white mice, gumea pigs, rabbits, ground squirrels {CiidUts nchardsonn 
Sabme), and the chono-allantoic membrane of the developing chick confirms 
and extends susceptibility tests with animal speaes other than the cat, as re- 
ported by Hammon and Enders (4), and by Kikuth, ci aJ (6) On the basis 
of speaes suscepUbOity, therefore, the \'mis appears to be distmct from the 
etiological agents of lymphocytic choriomeningitis, influenza, Rift Valley fever, 
loupmg ill, canine distemper, fox encephalitis, mouse encephabmychtis (Tbea 
ler), the pneumonia earned by normal mice, as described by Horsfall and Hahn 
(12), infectious ectromeha, vesicular stomatitis, equine encephalomyehtis, 
St Louis encephahtis, the pox group, and the menmgopneumomtis^ttacoais- 
lymphogranuloma venereum group These viruses are further distinguished 
from the virus of infectious felme agranulocytosis by distinctive differences 
m the pathological findings that result from infection Moreover, farther 
evidence for our behef m the singleness of identity of the virus of fehne agranu 
bcytosis was our inability to establish clinical infections m the highly sus- 
ceptible cat by the moculation of viruses that readily infect a variety of labora- 
tory nnimflls Thus, wc found the cat to be clinically refractory to infection 
by the viruses of hog diolera, lymphocytic dionomeningitis, fox encephalitis, 
vesicular stomatitis, the Western type of eejume encephalon^rehtis, herpes, 
and B virus infection. 

Because the disease is extremely contagious, Hammon and Enders (4), 
and Kikuth, Gdnnert, and Schweickert (6), were unable to prevent animals 
from contracting the disease spontaneously (except m two experiments re- 
ported by Hammon and Enders*) Wc have had mmilar results when cats 
were mt^uced into our usual animal quarters In the light of these ex- 

* Hammon and Enders (4) reported two experiments In which they used two widely 
separated farms to Tnmnf«tn 7 cats m 2 grmqis witliont evidence of disease for 21 and 
27 days, respectively Following the penod of isolation, 3 of the 4 cats, which were 
moculated with filtrates, gave unequivocal evidence of the dise a se. 
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penences, therefore, it is worthwhile emphasizing that all of the cats emplo 3 'ed 
in the present ezpenments were kept under ngid isolation for from 12 to 92 
days before bemg used Dunng this time each cat was obsened daily for 
clmical signs of disease, and its hematological status was followed by bidaily 
total cell and differential studies of the white blood cells Thus, we were en- 
abled to ehminate immediately any group m which a smgle member showed 
overt signs of illness Our results, therefore, are based on the use of cats that 
were kept m isolation for a penod that greatly exceeded the mcubation penod 
of the disease Moreover, each group of animals imder study was controlled 
further by the mdusion of 1 or more normal cats, which were not mjected 
In order to understand the epizoology of any infectious disease, it is impor- 
tant to know the routes whereby the etiological agent can enter and leave the 
body of its host In the present study, our experimental data suggest the 
gastromtestinal and respiratory routes as natural portals for the virus to infect 
the cat, and the cutaneous route as a possibihty The proven susceptibihty 
of the cat to virus mtroduced intianasaUy and the extraordinary commu- 
mcabihty of the disease make it apparent that the disease can be transmitted 
naturally by the respiratory route On the other hand, the ready suscepti- 
bihty of the cat to inrus mtroduced by mouth or stomach tube, the path- 
ological changes m the epithelial cells of the intestinal mucosa, and the massive 
amounts of Aurus excreted m the feces suggest contaminated food as a natural 
source of infection Of significance too, perhaps, were repeated observations 
that adrmrustration of the virus by the oral or mtmgastnc route resulted in an 
mcubation penod as short, or shorter, than by any other route Moreover, 
the presence of virus in the unne of infected cats increases the probability that 
contaminated food acts to spread the disease Most likely both are natural 
routes Although the cutaneous route is a possibihty, as has been shown by 
the demonstrated presence of virus m the blood stream and the infcctmtj of 
vnrus moculated by the cutaneous route, it seems unnecessarj" to assume that 
the virus is spread by a bitmg arthropod Our knowledge can be summarized, 
therefore, bj'' stating that the natural vehicle for the spread of the disease 
could be nasal droplets, contaminated food, or contaminated arthropods 
\s with each new infectious agent, it is difficult to learn whether the disease 
under investigation, or its causative agent, has been desenbed prevaouslj'' 
Such IS the case with the varus of infectious feline agranulocj tosis It earl^ 
became apparent from a surv cy of the literature related to epizootic diseases 
of cats, however, that a feline disease wnth the distmctiv elj charactcnstic 
hematological and pathological findings of feline agranulocjUosis had not been 
reported Soon after our note (1), Hammon and Enders described a disease 
(4) (which the} named mabgnant panleucopcma in a later pubhcation (5)) 
that was proven bv immunological studies (16) to be caused bj a v irus iden- 
tical wath the varus under investigation Moreover, Kikuth, Gonnert, and 
Schweickert (6) have described what appears to be the same disease in 
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Germany, and which they named ‘Infectious aleucocytosis of cats ” Thus, 
It appears that a smgle disease has been given three names as the result 
of studies earned out m three widely separated laboratones Moreover, the 
problem was recentlj complicated further by the recovery of 2 strains of this 
same virus from cases diagnosed as felme ententis by two highl> competent 
vetennanans. These last results suggest two possibihties either the virus 
under mvestigation is identical v.uth that of felme ententis, or the chmeal 
designation “felme ententis” may be employed loosely to cover a vancty of 
felme maladies, which have m common involvement of the gastromtcstmal 
tract If the first possibflity be nght, then it is remarkable that the extensive 
blood changes and the formation of mclusion bodies, which arc known to occur 
regularly m felme agranukcytasis, had not been discovered by earlier workers 
(17) On the other hand, it Is not surpnsmg that a vanety of febne illnesses 
should be caused by filterable agents, or that these illnesses should bcaccom 
pamed by signs and symptoms related to the gastromtcstmal tract, for it is 
well known that human maladies of vims etiology without inappetance, 
nausea, vomiting, or diarrhea ore rare mdeed. Therefore, it becomes apparent 
that the mere presence of signs or tymptoms related to the gastromtcstmal 
tract are not adequate evidence for a specific diagnosis. It remains a question, 
therefore, as to how this dmical entity should be designated The infectious 
nature of the disease, the strict limitation of its host range to cats, and a cy- 
tological picture of the bone marrow and blood that is mdistingoi^iable from 
that of human agranulocytosis, suggested the name “infectious felme agranu 
lo<ytosis.” Certainly if agranulotytosis Is a satisfactory name for the human 
tyndrome, then the feline disease should be so designated Malignant panleu 
copenia, on the other hand, is not as descriptive and is misleadmg, for it implies 
an essentially fatal disease m which all the white cells of the blood are involved 
equally That the marked leucopenia and neutropenia are accompanied by a 
relative lympho<yt05is was shown previoasly (3), and that the disease is not 
uniformly fatal was established m the same mvestigation Moreover, these 
earlier findmgs are substantiated by the results of the present study m which 
fully as many of the cats tested (over 400) were shown to have an acquired 
TTnmnnt iy as to be susceptiblc. Thus, It would seem that “mahgnant pan 
leucopenia” is ill suited as a name for this disease. 

The status of the name ‘feline ententis,” on the other hand, is not readily 
disposed of, for felme ententis is a disease that is accepted by vetennanans 
as a dmical entity caused by a filterable virus Moreover, two competent 
diagnostiaans found the disease imder mvestigation to be mdistmgulshable 
from nini>wn that they conmdered clmically to be felme ententis. When it a 
realised, however, that the t erm felme ententis is often used m vetennanan 
ardes to cover any infectious malady with dmical signs pomtmg to the gastro- 
mtestmal tract, and that the hematological aspects of felme ententis have 
never been investigated, it is difficult to know whether “felme ententis” refers 
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to a Single specific disease which has not been studied hematologically, or 
whether the term is used as a chmcal designation for a vanety of maladies 
that are mcluded under a smgle name It seems advisable, therefore, to retain 
and to perpetuate the name “infectious felme agranulocytosis,” and to encour- 
age vetennanans to use blood studies for the separation of the entity from other 
felme maladies 


SUMMARY 

The infection of cats by the nrus of infectious fehne agranulocytosis is 
followed by the production of specific neutralizing and protective antibodies, 
and recovery from the disease is associated with the development of sohd 
immumty to remfection From the evidence presented it is ob\aous that the 
virus IS not related to the \nruses of hog cholera, lymphecjiuc chonomemngitis, 
foY encephahtis, vesicular stomatitis, the Western type of equme encephalo- 
myehtis, herpes, and virus infection 
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STUDIES CONCERNING THE SITE OF RENIN FORilATTON IN 
THE KIDNEY 


rv The Renin Content of the Mammalian Kidney Following Specific 
Necrosis of Proxiual Convoluted Tubular Epubeliuji* 

By MEYER FRIEDMAN, and ALEX KAPLAN, PnJ) 

(Frcm the Uarold Brunn Institute for CardtovcsoiJar Researdi Mount Zum BosfntcJ, 
San Francuco) 

Plates 3 and 4 

(Received for poblicalion, Sq)tember 30, 1942) 

IiJ the first two studies (1, 2) of the present senes, it was observed that 
whereas the kidney of fresh water fish ixntamed renin, the kidney of marine 
fish did not, regardless of whether the kidney of the latter type of fish contained 
glomeruli or not In our third study (3), it was found that the mesonephros 
and metanephroa of the developing hog fetus contamed renm despite the fact 
that neither type of kidney possessed specialized juxtaglomerular cells as 
described by Goormaghtl^ (4) Furthermore, m this last study, it was found 
that the renm content of either type of embryonic bdney was dependent not 
upon Its artenologlomerular component but upon the activity and structural 
integnty of its convoluted tubul^ maxs 

Nevertheless, the relationship of mtact tubular mass and function to the 
fonnation of renin in theadultmammaiian kidney has not yet been ascertained. 
The dependence of both the glomerular and tubular components of the kidney 
upon a common blood supply makes the eradication of one component alone, 
quite difficult However, it was reported by Underhill, Wells, and Gold 
Schmidt (5, 6) and later confirmed by Potter and Bell (7), that the subcutaneous 
admimstration of tartrate to a rabbit effects a differential necrosis of its renal 
convoluted tubules, affecting other portions of the nephron This method 
then, offers us the opportumty of comparing the renm content of a kidney 
possessing normal artenologlomerular and tubular components with one 
possessmg a normal artenologlomenilar component but a severly damaged 
pnmmal convoluted tubular mass A significant decrease in the renm content 
of the latter type of kidney would mdicate that this portion of the mammalian 
kidney was capable of forming or storing renim The results of such a study 
are reported m this communication 

Methods 

Thirty two rabbits were injected subcutaneously with a neutral solution of tartaric 
aad ns described by Underhin d at (S) The amount injected, vaned from 0 765 

• Aided by a grant from the Dazum Foundation for Medical Research 
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TABLE I 


The Pressor Substance (Renin) Conlenl of the Kidney of Normal and Tortrale Injected Raihts 



Reaplent 
dog ■- 

Duration of 

Extract 

1 ilean arterial pressure | 

Pressor effect 
(nsc per 
gm of dry 

1 kidney 

1 powder) 

Rabbit kidney 

Ufc after 
tartrate 
infection 

injected 
(dry kidney 
powder) 

' Before I 

1 injection 

After injcc 
tiOD of rab^ 
bitkidne> 






extract I 


(o) Kidney of Normal Rabht 




hrs 

cm 

nm Hi 

mm Ui 

mm Ht 

(1) R-40 

21 

— 

1 00 

113 

165 

52 0 

(2) R-41 

93 

— 

1 00 


151 

25 0 

(3) R-42 

82 

— 

1 00 

134 

156 

22 0 

(4) R-43 

92 

— 

1 00 

127 

185 

58 0 

(5) R-49 

79 

— 

1 00 


148 

19 0 

(6) R-61 

90 

— 

1 00 

139 

170 

31 0 

(7) R-89a 

71 

— 

1 00 

139 

158 

19 0 

R-89i 

64 

— 

1 00 

152 

184 

32 0 

(8) R-90 

71 

— 

1 00 

130 

159 

29 0 

Average ( 

32 0 


(b) Kidney of Rahht Injected vilh Tartrate (mthout Tubular Necrosis) 


(1) R-19* 

87 

48 

1 00 

109 

■Em 

1 52 0 

(2) R-24‘ 

21 

96 

1 00 

97 


54 0 

(3) R-26 

92 

96 

1 00 

133 

190 

57 0 

(4) R-27 

92 

144 

1 00 

140 

156 

16 0 

(5) R-28 

21 

144 

1 00 

115 

156 

41 0 

(6) R-29 

85 

144 

1 00 

121 

147 

26 0 

(7) R-30 

84 

144 

1 00 

128 

170 

42 0 

(8) R-32 1 

83 

96 ' 

1 00 1 

110 1 

122 

12 0 

(9) R-33 

21 

96 

1 00 

124 

166 

42 0 

(10) R-35 

21 

96 

1 00 

117 

123 

6 0 

(11) R-36 

21 

96 

1 00 

109 

140 

31 0 

(12) R-37 

83 

96 

1 00 

138 

178 

40 0 

(13) R-3S‘ 

86 

96 

1 00 

140 

154 

14 0 

(14) R-39 

83 

96 

1 00 

110 

139 

29 0 

(15) R-50 

88 

96 

1 00 

119 

153 

34 0 

(16) R-51* 

92 

96 

2 00 

130 

194 

32 0 

(17) R-59 

SO 

96 

1 00 

146 

164 

18 0 

A\ erage 1 

32 0 


(c) Kidnej of Rabbit Injected inth Tartrate {onth Moderate Tubular Necrons) 


(1) R-21 

92 

48 

1 00 

106 

112 

14 0 

(2) R-23 

86 

72 

1 00 

153 



(3) R^5 

83a 

48 





(4) R-46 

88 

48 





(5) R-47 

95 

48 

1 00 

119 

132 


(6) R-4S 

95 

48 

2 49 


151 


(7) R-S2 

78 

96 

1 00 

155 

168 



^KQSIII 


Average 

• Kidnev sicr^ed inarted tubular ede m a. 
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TABLE X—-Ccndui(d 




Donttan of 
lUeiitW 
Urtntt 
lajectlos 


lieu irtcriel pmmre 

Ribblt UdafT 

Red pi eat 
doc 

lajmed 

(diy ki^ijr 
powder) 

Before 

lalectloe 

After In)ec 
tloo of nb> 
bitkidacT 
ertxwct 


Trmentflccl 
(rbe to 

powder) 


(cO K*dnty of Raihtt Ir^eded tntk TortnUo (vilh Seven Tuiulor Necrosis) 






ra ISi 

M Bt 

^9 M 

(1) R-81 

61 

48 

2 00 

156 

156 

K !■ 

(2) R-S2 

97 

48 

2 00 

148 

160 


(3) R-83 

70 

48 

2 00 

140 

152 


(4) R-84 

71 

48 

2 00 

135 

135 


(S) R-85 

71 

48 

2 00 

148 

148 

0 0 

(6) R-86 

(A 

48 

2 00 

157 

157 

6 0 

(7) R-87 

72 

72 

2 00 

122 

122 

0 0 

(8) R-88 

71 

48 

2 00 

153 

153 

0 0 

Average 

2 3 


to 1 75 gm of sodium tartrate per kflo of body weight It was found that when the 
maximal amount was given, the mddcncc of tubular necrosis Increased mactedly 
All rabbits were watched close!} following injection and it was observed that those 
having severe tubulax damage, became listless and obviously ill as early os 48 hours 
after the administration of the tartrate, whereas those rabbits showing little or no 
tubnlax damage on later histological examination appeared well even after 6 days, at 
wldch tune, many were sacrificed It is important to emphasise that all kidneys 
were removed and extracted immediately after the rabbits were kiDed 

After blocks for sections were obtained the kidneys of the rabbits were minced, 
ground, defatted, and desiccated as previously described (1) The dry powder 
resulting from such procedures, was extracted then for remn according to the method 
of Helmer and Page (8) The process was carried to the ‘Traction B" stage (8) 
The physiological assay of the pressor aubstance (renin) content of each kidney 
extract was earned out on nonnaJ, anesthetized (pentobarbital sodium) dogs according 
to methods prcvwualy described (1) Because the bdneys of rabbits receiving 
tartrate were frequently edematous on removal the increase In blood pressure follow 
mg the introduction of any kidney extract was ex pressed as mm- Hg nse per gram of 
dry kldn^ powder 

For control purposes the kidneys of ten normal rabbits were treated end assayed 
later for renin as described above so that during any extraction and assay of a batch 
of kidneys obtained from rabbits Injected with tartrate a normal kidney also was 
extracted and assayed Two of the control kidney extracts have not been Included m 
Table lo because it was discovered that the test dog used was unduly sensitive to the 
pressor effect of injected renin 

Desenpiton of Rabht Kidneys Following Tariraie Injedum 

The kidney of a rabbit injected with tartrate was found to appear normal, 
edematous, or severly necrotic, depending upon the duration of the experiment 
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and the amount of tartrate injected Almost every kidney obtained from 
rabbits withm 24 hours followmg tartrate admimstration, exhibited gross en- 
largement which on histological examination was found to be due to edema of 
the proximal convoluted tubules (Figs 1 and 2) This portion of the nephron 
was identified by its characteristic abated epithehum If the amount of 
tartrate mjected were under 1 gm per kilo, the imtial edema tended usually to 
subside so that the kidney of a rabbit allowed to hve 4 to 6 days after tartrate 
mjection, showed little evidence of edema or of tubular necrosis 

However, the kidney of a rabbit recemng over 1 gm of tartrate per kilo, 
frequently developed a severe and widespread tubular neaosis (Figs 3 and 4), 
which ^\as limited for the most part to the epithehum of the proximal con- 
voluted tubules The glomerulus, even m the most damaged kidneys appeared 
quite normal, as has been previously reported, (5-7) Red blood cells could 
be seen m the capiUanes, there was no hyperplasia of the capillary endothehum, 
no accumulation of leucocytes m the glomerular tuft, and the patency of the 
glomerular capiUaiy was confirmed by the detection of carbon particles in its 
capillary loops after postmortem injection of India ink into the renal artery 

The Remn Couleitl of Rabbit Kidneys Follmtnng Tartrate Injection 

Physiological assay of vanous kidney extracts made it clear that there was 
no essential difference between the content of pressor substance (renin) of a 
kidney from normal rabbit and that of a kidney obtained from a rabbit in- 
jected with tartrate unless the latter showed actual necrosis of the proximal 
convoluted tubular epithehum 

Thus, as Table la,b mdicates, the average pressor effect (32 0 mm Hgpcr 
gm of dry kidney powder) obtained from eight different extracts of kidneys, 
(obtained from a correspondmg number of normal animals), i^as identical vnth 
that obtamed from 17 different extracts of kidneys of rabbits injected aith 
tartrate vuthout a resulUng necrosis of proximal convoluted tubular epithelium 
In other words, the adrmnistration of tartrate per se, to rabbits, did not alter 
the remn content of their kidnej’s even m those cases m which marked tubular 
edema had occurred 

Howexer, it was obserxed, as shown in Table Ic, d, that a kidnej sustaimng 
tubular necrosis following tartrate injection also showed a diminution in pressor 
substance (remn) roughly comparable to the extent and degree of the neaosis 
Thus, m sexen extracts of kidnej's whose proximal convoluted tubular epithe- 
hum xxas onlj partially destro>ed, the axerage pressor effect was 11 8 mm Hg 
per gm of di^' kidne> powder In eight extracts of kidne>s whose proximal 
conx oluted tubular epithehum xras xndelj destroyed, the average pressor effect 
was 23 mm Hg per gm of dry kidnej powder Thus, the normal kidne> was 
found to contam approximatelj 14 tunes as much pressor substance (renm) 
as the kidney whose proximal convoluted tubular epithehum was neaotized 
severcl} by tartrate injection It should be emphasized again that in both 
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normal and tartrate damaged Udneys, the ortcnologlomcnilar component, 
including the specialized "Goormaghtlgh cells*' inx’anably appeared normal 

DISCUSSION 

In the first tm) studies (1, 2) of this senes, the apparent absence of renin in 
the glomerular or aglomcrular kidne> of the manne fish as compared with its 
abundant presence m the kidney of fresh water fish, furnished the first, mdirect, 
indications that the site of remn formation was in the tubular component of 
the kidney For it is known (9) that a difference exists between the renal 
tubular components of the two types of fish 
In the third study (3) of this senes, it became evident that the site of remn 
formation m the kidne> (mesonephros or metanephros) of the hog fetus was 
tubular and had no detectable relationship with other portions of the kidney 
The complete absence of speciahzed juxtaglomerular cells m cither the mesone 
phros or metanephros further strengthened this view 
In the present and final study of this senes, the almost complete disappear 
ance of the pressor substance (renin) from an adult mammalian kidney whose 
proximal con^'oluted tubular epithehum had been destroyed, leads to the 
inescapable conclusion that in the adult mammalian kidney, the epithehum 
of the proximal convoluted tubules is concerned in the formation or storage 
of renim 

CONCXUKIONS 

1 The administration of tartrate to adult rabbits was found to produce in 
some of them, a profound and widespread necrosis of the pronmal convoluted 
tubular epithehum without affecting the other portions of the nephrons 

2 The markedly damaged kidn^ were foimd to be almost completely 
devoid of pressor substance (rerun), mdicating that m the mammaltan kidney, 
the epithehum of the pronmal convoluted tubules is concerned in the forma 
tion or storage of renuL 

The authors wish to express thar thanks to Eleanor Wilhains, Eleacor Kroger, and 
Helen Menddson for thdr technical assatant*. 
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EXPLANATION OF PLATES 
Plate 3 

Fig 1 Kidnev of rabbit which had received 1 gin of tartrate per kilo 12 hours 
before Note the extreme hjdropic degeneration of the convoluted tubular epi- 
thelium and the normal appearance of the glomerulus Between the edematous 
proximal convoluted tubules, normal appeanng distal convoluted tubules can be 
seen Hematoxyhn and eosm X 100 

Fig 2 A section of same kidney as shown in Fig 1 under greater magnification 
Note the intense hjdropic degeneration of proximal convoluted tubules and the 
normal appearance of the distal convoluted tubules immediately adjacent to the 
glomerulus Hematoxyhn and eosm X 100 
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PLATE 4 



(FriedmaB and Kaplan Site of renin fonnation m kldnej IV) 



Plate 4 


Fig 3 Kidnc\ of rabbit which had rccci\cd I 5 gm of tartrate per kilo, 48 hours 
before Obierse the complete transformation of the qnthclium of the proximal 
coniolutcd tubules into h\ aline necrotic masses \t the top of the section, intact 
epithelium of distal convoluted tubules ma\ be seen, also normal nppcanng glomerulus 
Hematoxxlin and eosin X 100 

Fig 4 section of same kidnee as shown in Fig 3, under greater magnification 
Intact glomerulus can be seen, surrounded be necrotic epithelium of proximal con 
\ olutcd tubules There arc see eral distal cone olutcd tubules present w hich hae c not 
become necrotic Hematoxe lin and eosin X 100 



EPIDOnC KERATOCONJUNCnvmsn 

I Isolation and Identu'icahon of a Filterable Virds§ 

Bit MURRA\ SANDERS and R C. ALEXANDER 

{From the Deperimenii of Ophthalmology and Bacteriology, College of BJtystaans and 
Surgeons Columbia Untterstly, and the Institute of OphUialmology, Presbyterian 
Hospital, New 3 ork) 

PXATES S TO 7 

(Recaved for pubboition, Scptcrabcr 25, 1942) 

The problem of epidemic keratoconjunctivitis lias gamed prommence m 
recent jears, because of the heavy incidence of this disease in shipyards and 
other places where Industnes are concentrated Aside from the fact that a 
menace to defense endeavors may be Important dunng tune of war, any 
disease which can temporarily menpaatate thousands of individuals, which is 
epidemic m character, and may produce some permanent reduction of vision, 
must be considered an important danger to public health There is no doubt 
that this infection, hitherto of unknown etiology, is a disease sut %enms and 
can be differentiated from other conditions affecting the cornea and the con 
junctiva. For a complete chnlcal picture and differential diagnosis, the 
report of Hogan and Crawford (1) describmg the 1941 epidemic on the Cah 
fornia coast, and of Rieke (2) describmg 600 cases m Oregon, may be con- 
sulted In the Institute of Ophthalmology, the cnteria which have been 
oinsidered characteristic of epidemic keratoconjunctivitis arc as follows an 
acute folhcular conjuncUvitis with a scanty exudate, preauricular lymph node 
enlargement and tenderness, negative bactenology, mononuclear cellular 
exudate, and a punctate keratitis, with lesions of varying size. This corneal 
mvolvemcnt, occurring 1 week to 10 days after the onset of the disease, is 
found in 30 to 80 per cent of the cases. 

In a previous report (3), preliminary findings were given concermng the 
recovery of an infectious agent from two patients suffering with epidemic 
keratoconjunctivitis Evidence was presented suggestmg that the agent is 
a virus, and its neutralisation by serum from patients convalescent from the 

* Aided by grants from Knapp Memonal Foundation in Ophthalmology the John 
flnH Mary R. Markle Foundation and the Warner Institute for Therapeubc Research 
t This mvcstigatiou was carried on m informal collaboration with the Commission 
on Neurotropic Virus Diseases, Board for the In\’estigBtion and Control of Influenza 
and Other Epidemic Diseases m the United States Army 

$ The authors wish to extend their thanks to Dr Phillips Thygeson for his kind 
cooperation in this mvcstigation 
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Later, the patient stated that his vasion had improved about two months after the 
onset of the disease. No further details vrere available 

Note. The dimcal appearance of this patient closely conformed to the entena of 
epidemic keratoconjunctimtis considered pathognomonic at the Ophthalmological 
Institute of Presbyterian Hospital The actual diagnosis was made b> Dr PhiUips 
Thygeson 

The conjunctival scrapings taken from patient E L on Mar 18 were bactcnologi- 
cally sterile, and contained large mononudear cells (Fig 1) According to the pro- 
cedure followed in the cases studied previously, the scrapings w ere immediatclj put 
mto 1 ca of Simms buffered salt solution (5), and within half an hour, 0 1 cc of this 
matenal was injected mtrapentoneaUy and 0 03 cc intracerebrally into mice, each 
animal being injected by both routes As can be seen in Diagram 1, tw o of the three 
mice which received these scrapings show ed sjTnptoms within 2 daj-s The s\ mptoms 
were similar to those seen in the mice which had been injected with conjunctnal 
scrapings from other cases of epidemic kcratoconjunctintis, as desenbed earher in 
this report. Brain and spleen from one of these two sick animals were injected 
intracerebrally (0 02 cc ) into sis unweaned mice, intracerebrallj (0 03 cc.) and intra 
pentoncally (0 1 cc.) into three adult mice, and intracerebrally into two monkcis and 
one rabbit In addition to the intracerebral injections the rabbit and one of the 
monkejs received an emulsion of bram and spleen tissue rubbed into the scanfied 
surface of their right ejes None of these animals showed s\'mptoms 

How e\ er, the picture was cntircl\ different in the case of the sue mice w hich had 
received emulsion of brain and spleen tissue from the other of the original two sick 
animals Two ammals in this group became sick in 3 days, two were found dead 
m 7 days and were discarded The two mice with sjTnptoms were sacnficcd, and 
their brains were pooled and emulsified This emulsion was injected intracerebrally 
(0 02 cc.) into seven unw caned mice, intrapcntoncallj' (0 1 cc.) and intracercbraUv 
(0 03 cc) mto sLT adult mice, and passed into a stenle tissue culture of embrvonic 
mouse brain and scrum ultrafiltrate As is evident from the diagram, the onlj 
animal to show sjmptoms was one of the adult mice, which became sick in 2 davs 
The infection could be maintained for onlv one more passage The tissue culture, 
which had also recciv ed the brain emulsion from the mouse which was sicl onJIar 23, 
was incubated for 3 dav s at 37°C At the end of that Ume, ground up cells plus the 
supernatant fluid of the culture were injected intrapcntoncallv (0 1 cc ) and intra 
cerebraUv (0 03 cc) into each of six mice The svTnptoms these mice subacquenth 
developed were more severe than the svmptoms which had appeared in anj of the 
prevTOUslj injected ammals, which, it will be remembered, had received cither human 
conjunctival scrapings or emulsion of brain and spleen from sick mice Tv o of these 
mice died The remaining animals, all of v hich w ere lU, became the source of rro ise 
stock 1, now in its 66th passage 

It should be emphasized that from the point in the scheme of isolation designated 
as “mou‘=e stock” (Diagram 1), which was reached after passage through ti'^ue culture, 
the activntv of the infectious agent in mice was such as to suggest an incre3=c in 
potenev \\"hcreas on prevnous occasions, v hen passage of human eve matcral from 
mouse to mouse resulted m a progressiv elv diminished mfcctivntv, no - aU of the 
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with culture fluid, and filtered through a Bcrkefeld N filter When injected intra 
cerebrally (0 03 cc.) and intrapentoncally (0 1 cc.) the filtrate produced symptoms in 
three of su mice. However, the symptoms could not be transmitted to other mice 
The filtrate was also passed to a tissue culture which was kept at room temperature 
for 10 days When this tissue culture was emulsified and mjected intracerebmDy 
(0 03 cc.) mto six mice, they all became lU withm 3 or 4 days Two of these anlmnlf 
were sacrificed, and bram emulsion from cadi was passed into four mice by intra 
cerebral inoculaboiL In each case, two of the four injected mice showed symptoms, 
and the sick animals became the source of stock 2 This mouse stock, now In its 

15th passage has a titer of 10^ 

The second isolation was not mamtamed In tissue culture, since the original culture 
became contaminated in the ice box, and it appeared advisable to concentrate our 
efforts on the first stock cultures. 

Thus, in two instances, it was necessary to pass material from patients 
through tissue culture and thence into mice, before stable strains of an infec 
tious agent were isolated which could be studied m laboratory animals If 
this procedure was not followed, symptoms were not consistently produced in 
mice. The pomt of enhanced pathogenicity following the tissue culture pas- 
sage has been designated os *hiouse stock” and from this pomt death followed 
m 24 hours the appearance of symptoms No convalescent animals, there 
fore, were obtained. Throughout this study titrations have been estimated 
on the basis of the final dilution of vims capable of killing a majority of the 
mice mjected with it The titer is essentially a 50 per cent end point, but it is 
based on mortality rather than on morbidity That these two agents belonged 
to the group of virus infections soon became evident, when it was found that 
they failed to grow m cell-free media, in synthetic media, or m 10 per cent 
serum broth, when routme examination of the animal tissue proved it to be 
bactenologically sterile, when dark field examination of the various media was 
negative, and when it was found that the agents could be filtered without 
difficulty It now remained to study the activity of the virus m laboratory 
fl THpiftigj and to establish a specific relationship between the isolated agent 
and epidemic keratoconjunctmtis. 

Belumcr of tlte Vxrus tn Laboratory AntTnals 

Once the virus bad become adapted by way of tissue culture to mice, its 
activity m laboratory ftm mals was readily defined The host range mvesti- 
gated included mice rabbits, monke 3 r 8 , rats, and gmnea piga The most 
susceptible host, and certainly the most convenient one to study, was the vdiite 
Swiss mouse. Consequently more information is available concerning the 
action of the virus m this animal than m others Whereas both strains have 
been studied m mice, only the virus of the first isolation has been followed 
m other hosts. 

Pathogernaty for Mice — ^The adapted virus has been consistently patho- 
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ammals injected wth the "stock mouse \mis” became ill with much more sc%cre 
si-mptoms, and, unless sacnficed for subpassage, died True, the incubaUon pcnod 
remained the same (2 to 3 da\s), but the effect in mice U'as more definitely a disca'c 
entity in that a dependable sequence of illness and death took place 

cc. of the emulsified tissue culture was also transferred to subcultures, which 
n ere mcubated at 37°C for 3 day s At the end of this incubation period, 0 03 cc 
of the subculture matenal was injected intracercbrally into each of four mice, causing 
illness and death in all of them A further 0 5 cc. transfer was made to two senes of 
tissue cultures One of these was incubated at 37°C for 3 days, the other was kept 
at room temperature for 7 day s The 37“C cultures were discontinued when the 
combined intracerebral (0 03 cc.) and intrapentoneal (0 1 cc.) injections failed to 
infect mice The senes kept at room temperature, however, has been passed to 
fresh cultures every' 7 day s It is consistently infectious for mice, and is the source 
of citllure stock 1, now in its 31st generation 

Since both the stock culture and passage viruses will be discussed later, 
it might be well at this pomt to deal with the second isolation 

Case History 2 — Patient R H , aged 58, had been treated at the clinic for about 1 
month for an infected chalazion His general health was not very'j.good, and he 
appeared to be in a state bordenng on malnutntion He was first seen by us on 
June 13, 1942 His chmc report is as follows — 

June 5, 1942 Edema of the lids, along with some chemosis of the conjunctiva, 
was nohceable 

June 6 The conjunctiv'a, markedly mjected and with a follicular reaction, had 
the appearance charactenstic of epidemic keratoconjunctivitis 

June 8 In the morning some secretion was observed, with mucous shreds in the 
lower cul-de-sac. Culture of secretions taken on this day showed Staphylococcus 
aureus The preauncular gland was enlarged and tender 
June 11 Marked photophobia and lacnmation were present 
June 13 Additional comphcations were added to the above picture anorexia, 
weakness, pain in the left lower chest, temperature of 101°F The general symptoms 
might have been quite independent of the eve affection 

June 15 Multiple punctate comeal opaaties were observed 
\ug 6 During the past month and a half little change was seen Conjunctivitis 
wnth one comeal subepithehal infiltrate near center was present Preauncular gland 
was still tender, but questionably palpable 
■\ug 24 Cornea w as unchanged 

Sept 28 Some improvement had occurred and the cornea was fairlv dear 
.Vo'f The chmeal appearance of this patient doscly conformed to the entena of 
epidemic keratoconjunctivitis considered pathognomonic at the Ophthalmological 
Institute of Presbv tenan Ho'pital The actual diagnosis was made b\ Dr Phillips 
Thvgeson 


Conjunctival scrapings taken from R H.’s eve on June 13 were put into ti'sue 
culture and incubated for 3 dav s at 37^C (Diagram 2) ■\lthough stenhty test- 
showed the presence of staphvlococa in the culture, the tissue was ground, dilulcd 
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culture fluid and filtered through a Bcrkcfcld N filter When injected Intra 
ccrebrafly (0 03 cc) and intrapcntoneally (0 1 cc,) the filtrate produced symptoms in 
three of six mice However the symptoms could not be transmitted to other mice 
The filtrate was also passed to a tissue culture which was kept at room temperature 
for 10 days When this tissue culture was emulsified and mjected intraccrebrally 
(0 03 cc.) into SIX mice, thej' all became ill mthin 3 or 4 days Two of these animal# 
were sacrificed and brain emulsion from each was passed into four nalce by intra 
cerebral inoculation In each case, two of the four injected mice showed symptoms, 
and the sick animals became the source of mouse stock 2 This mouse stock, now In Its 
15th passage, has a titer of 10~* 

The second isolation was not maintained in tissue culture, smee the ongmal culture 
became contaminated in the ice box, and it appeared ad\’isable to concentrate our 
efforts on the first stock cultures. 

Thus, in two instances, it was necessary to pass material from patients 
through tissue culture and thence into mice, before stable strains of an infec- 
tious agent were isolated which could be studied m laboratory antmuls. If 
this procedure was not followed, symptoms were not consistently produced m 
mice. The pomt of enhanced pathogeniaty following the tissue culture pas- 
sage has been designated os ‘^mousc stock” and from this point death followed 
in 24 hours the appearance of symptoms No convalescent ammals, there 
fore, were obtained Throughout this study titrations have been estimated 
on the basis of the final dilution of virus capable of kflhng a majority of the 
mice injected with it The bter is essentially a 50 per cent end-pomt, but it is 
based on mortahty rather than on morbidity That these two agents belonged 
to the group of virus infectious soon became evident, when it was found that 
they failed to grow m cell free media, m synthetic media, or in 10 per cent 
serum broth, when routine examination of the animal tissue proved it to be 
bactenologically sterile, when doric field examination of the vanous media was 
negative, pnH when it was found that the agents could be filtered without 
difficulty It now remained to study the activity of the virus in laboratory 
flnimal.q, and to establish a specific relationship between the isolated agent 
and epidemic keratoconjunctivitis. 

Behavwr of ihc Virus tn Laboratory Ammals 

Once the vmia had become adapted by way of tissue culture to mice, its 
activity m laboratory pnimaU was readily defined The host range investi- 
gated mduded mice rabbits, monkeys, rats, and gumea pigs The most 
susceptible host, and certainly the most convenient one to study, was the white 
Swiss mouse. Consequentty- more information is available concerning the 
action of the virus m thi«t animal than m others. Whereas both strains have 
been studied m mice, only the virus of the first isolation has been followed 
m other hosts 

Fathogemetiy for Mice — The adapted virus has been consistently patho- 
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genic for mice, and ■within a definite incubation period produces sjTnptoms 
that lead to death The dilution actmfy of the ^^rus has \-aned from 10“* 
to 10-® Although no chemical studies have been done, it was noted that 
the virus could be preserved for at least 3 months in infected mouse brains 
kept on carbon diovide ice 

Mice intracerebrally mjected begm to show sjmiptoms m 2 to 3 daj'S for 
the lower dilutions, and m 5 to 7 days for the higher dilutions At first the 
animal is lethargic and has a humped back and a ruffled coat (Fig 2) Death 
ma}’- follow within a few hours after the onset of lethargj^, but in a majonty 
of mice, death is preceded by -various types of focal nervous s}Tnptoms The 
nervous manifestations mclude tome and dome convulsions, sometimes 
dosely resemblmg those seen m nuce which have received mtrapentoneal 
mjections of phenolized matenal Occasionally, spastic paraljaes occur 
Another symptom which is suffiaently common to be noteworthy, is a peculiar 

TABLE I 


Dislribiilton of Keraloconjuitclmlts Virus in Mice Fcllouing Infeclwn by Intracerebral or 

Intranasal Routes 


Route of Infection 

Tissue tested 

Brain 

Liver 

Spleen 

Langs 

Kidney 

Blood 

Intracerebral 

10-5 


-h* 





io-« 






Intranasal 

io-» 

, 

— 

trace 

' 

— 


— 


• Organs other than the brain ivere tested only for the presence of larus 


sidhng gait seen in about 15 per cent of the infected mice Such animals 
ha%e a normal gait for 2 or 3 dajs, and then de\elop a rotating and sidhng 
gait suggests e of nuddle ear mfection 

In adult mice, infection may be transmitted senallj bj only the intra- 
cerebral and, to a lesser extent, the intranasal routes Unweaned mice, how- 
ever, maj be infected bj the mtrapentoneal route Infection following 
intranasal injection in adult mice and mtrapentoneal injection m unweaned 
mice, IS characterized bj an incubation penod 1 to 2 da^•s longer than that 
observ ed after intracerebral injection In all cases the sjmptoms are the same 
An attempt was made to stud} the distnhution of the \nrus m infected mice 
In Table I are the composite data from sc%eral such expenments It is clear 
that in the case of in tra cerebral!} infected mice, Mrus could be recovered from 
brain tissue and, to a slight extent, from the spleen In mice infected intra- 
nasallv , there was httle demonstrable varus in the spleen The simplest 
explanation for this would be that the virus propagates to a greater degree m 
mice infected intracerebrall} That this is the case is indicated bv the differ- 
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ence m bram titere, the titer m the case of mice infected intraccrebrally being 
10~* and 10~*, and m the case of mice infected IntranaBallj , 10~* 

As was reported previously, the pathological picture m mice is not striking, 
and, m fact, shows a relatiN'cly mild degree of structural change, considering 
the capaaty of the virus to kill mice Because httle additional information 
IS as >"et available concerning the pathology in mice, the findings are essen- 
tially those described in the prclmunaiy report (3) The only variations from 
normal occurred in the central nervous system, in which lesions were scattered 
diffusely and irregularly through both the gray and white matter Small 
inflammatory foci, consisting for the most part of perivascular infiltration bj 
lymphocytes, with occasional polymorphonuclear leukocytes (Figs 3 and 5), 
are the prmapal lesions A similar infiltration is found to some extent in the 
penvascular parenchyma (Fig 4), and occasionally neural elements show 
degenerative changes (Fig 6) Early proliferation of microglia cells is found 

Pathogcniciiy for Rabbits — As was noted previously, during the penod when 
the VITOS was bemg isolated from man, suggestive symptoms were observed m 
rabbits mjected intraccrebrally with material from patients’ eyes. However, 
it was not possible to transmit the infection from rabbit to rabbit, or from 
rabbit to mouse, and the study of this host was temporarily abandoned \Vhen 
the fixed mouse virus was obtamed, its patbogematy for the rabbit was re 
examined with the following results A 1 50 dilution of 22nd mouse passage 
bram emulsion mjected mtracerebrally into four rabbits produced prostration 
and death m three of the animals withm 9 days. In spite of the long incuba 
tion penod, the infection appeared to be overwhelming, since the animals 
showed no symptoms for 8 days, and were then prostrated or dead on the 9th 
day No focal signs, except for an occasional convulsion, were observed 
A 1 50 dilution of emulsioa of the pooled brains of two of these rabbits was 
injected mtracerebrally into four gumea pigs, four rats, and two rabbits Of 
these wnimAlq^ only the two rabbits showed tymptoms, the incubation penod 
on this occasion ^ing 11 days The tymptoms were similar to those seen 
previously 

That the agent re^xuisible for the symptoms was Emu liar to the fixed mouse 
virufl was shown by the fact that the rabbit brains were bactenologically 
sterile and that the agent which infected this second group of rabbits was 
completely neutralised in mice by known convalescent serum Passage from 
rabbit to rabbit has produced encephabtic symptoms characterized by the 
usual type of variable convulsions and focal signs Dnrmg the short penod 
the virus has been observed m rabbits, the mcubation penod has remained 7 
to 12 days and all 17 mjected animals have succumbed to the infection. The 
rabbit series is now m its fifth passage, and it remains to be seen whether a 
fixed rabbit stram can be obtained. It should also be mentioned that this 
apparently successful infection of rabbits followed two failures In one case 
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where the injected material came from an early mouse passage, no infection 
was obser\^ed in a group of five rabbits injected mtracerebrallj In a second 
case, the 19th mouse passage virus was injected intracerebrally into four guinea 
pigs, four rats, and two rabbits Symptoms could be obser\'ed in the rabbits 
within 7 days, but the infection could not be transmitted to other rabbits 
Agam, the guinea pigs and rats remained free from symptoms 
Pathogenicity for Monkeys — Portions of the same conjunctival scrapings 
that had been studied in the first and second isolations of \Trus from patients 
E L and R H were injected mtraconjunctn ally into four monkeys with no 
effect On several occasions the mouse-fixed \Trus was injected into the 
conjunctiva and mtracerebrally One monkey de\ eloped a brain abscess, 
three showed no effect whatsoever, and tv o showed vague nervous sjmiptoms 
3 days before death, which occurred m 5 days Brains from these two animals 
were sterile, and when injected mto mice produced symptoms suggestive of 
the epidemic keratoconjunctivitis virus To these may be added tvo baby 
Macacus rhesus monkeys, vhich received mouse virus intraconjunctivally 
In spite of repeated traumatizmg inoculations, the eyes remained entirely 
free from infection On one occasion, tvo adult Macacus rhesus monkeys 
injected intraconjunctn-ally wth mouse virus developed a transient but definite 
catarrhal conjunctmtis In the absence of a preauncular node enlargement 
and because the condition lasted only 2 days, no definite conclusions could be 
dravn 

Further investigation of monkey susceptibility has been postponed, because 
of the difficulty in obtaimng the animals for expenmental purposes 

Pathogenicity for Guinea Pigs and Albino Pats — Since its isolation the 
mouse virus has been injected into 36 guinea pigs by intracerebral, subcutane- 
ous, and intrapentoneal routes None of these animals has at anj time 
shown sjauptoms, nor ha^e there been any deaths Similar results were 
obtained vhen 12 albino rats vere injected with the mouse virus It is clear 
that neither guinea pigs nor albino rats can be infected 

Activity of the Virus in Tissue Culture 

The serum ultrafiltrate technique has been successfull> used for the culture 
of other \nruses (4) This medium, containing a cellular substrate of embrj- 
onic mouse brain, was used throughout the present in\ estigation 

WTien the first isolaUon of the ^^rus had been effected in tissue culture, some 
difficult}, was encountered in mainUining senal subcultures On three 
occasions a subculture inoculum consisting of ground-up cells plus culture 
fluid vas compared vith one of culture fluid alone Freshiv prepared tissue 
cultures which recened onh the culture fluid proved to be non-infectious 
regardless of the incubation conditions, v hereas the flasks recen mg ground up 
tissue continued to be infectious for imee Consequenth , the routine inoculum 
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from culture to culture has consisted of both ground up tissue and culture 
fluid Also, because of the instabUity of the 37®C series, greater dependence 
has been placed upon room temperature cultures, and this senes is now m 
Its 31st generation, having been subcultured evcr> 6 or 7 days. 


TABLE n 

Tisnre Cullur* Potemtes cj Vow* Ktroioconjunciinlxs \inu ileasurtd hy Inlracerthni 
Injeciion of Iftu 


Caltore (eaentlo* 

Moom tJter 

3rd to 10th 

Vina present 

(no titration done) 


nth 

io-« 

Uth* 

10-* 


ll>-» 

13th 

1&-* 

14th 

10-* 

15th 

10-»+ 

16th 

icr> 


* Two t«tfl done. 


TABLE m 


Gnvik of RoraioooniMntltoiiii f irus in Tissu* CtiJtun ai Room TcmftniitnP 


Period o^toeabitiaa i 

lIoBM t/Cer 



2 

0 

3 

0 

4 

10-1 

5 

io-« 

6 

lo-* 

7 

10-« 

8 

10-iJ 


• The 13th raboiltiirc wai the icnirce oi vims for thi* experiment. 


Perhaps the simplest explanation for the necessity of passmg both tissue 
and fluid menstruum from infected to fresh cultures is the relatively low 
potency of the cultures. As can be seen from Table IT, the culture titer m 
mice has rarely exceeded 10^ While the tissue cultures seem effective as a 
Nnl in adapting the virus from human to mouse, and m buildmg up a level of 
potency which would conaistentfy cause symptoms m these animals, once 
established in an animal host the virus attains a greater potency than m the 
artificial medium It can be seen from Table m, that m subculture no virus 
13 demonstrable until the 4th day of mcubation at room tempemture, and a 
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tcrol appeared promptlj with o\ creating, the in- 
crease being roughlj proportional to the rate of 
w eight gain But as o\ creating and gaining w eight 
continued, the scrum cholesterol concentration did 
not tend to diange further 

Since determinations of serum Sf 12-20 lipo- 
proteins were made onlj at the middle and end 
of the oicmutntion penod the change in Sj 12-20 
lipoproteins in the last ten weeks was tested for 
correlation w ith increase m calone intake and wnth 
gam m bodj weight No significant correlation 
was found in cither case Dunng this latter half 
of the oiemutntion penod serum cholesterol in- 
crease between penods was hkewnse unrelated to 
the degree of o\ creating or w eight gam 
The correlation analj sis descnbed attempted to 
answer the question — what change do o\ creating 
and the maintenance of a positiie calone balance 
produce in scrum cholesterol and Sf 12-20 hpo- 
protcin concentrations ^ It is also pertinent to ask 
— is there a tendencj for men w ho are oi erweight 
to ha\e unusually high concentrations of serum 
cholesterol or Sf 12-20 lipoproteins’ 

Among middle-aged men CNammcd by the 
Laboratory of Physiological Hygiene, 162 main- 
tained constant relatu c body w eight w ithin 5 per 
cent for 4 a cars In this group of men who aained 
wadely in relatiic obesity but all of whom were 
close to calone equihbnum, there w'as no correla- 
tion between scrum cholesterol concentration and 
rclatnc body weight (correlation cocRiaent = 
002, total number of tests = 648) The over- 
weight men had no higher serum cholesterol con- 
centration than the underw eight men In the men 
who were overeating and in positive calorie bal- 
ance, the relationship was different Using 79 
tests on 20 men dunng the penod of overfeeding, 
the coefficient of correlation was 0 35 between se- 
rum cholesterol concentration and relative body 
weight This value is small but it is statistically 
significant (P = 0 004) Among these men the 
most overweight indmduals tended to have the 
highest scrum cholesterol concentrations 

Serum Sf 12-20 lipoprotein v as similar to se- 
rum cholesterol in relation to relativ e v eight In 
the men who were overeating, 31 tests on 19 men 
gave a coeffiaent of correlation of 040 between 
Sf 12-20 lipoprotein and relative bodv v eight 
Although the coeffiaent is higher, the probability 
judgment is less dcosive in this case (P = 0025) 


because the number of tests was smaller Like 
serum cholesterol, the Sf 12-20 fraction showed 
no correlation wath relative waght m the men who 
were stable m body weight, 73 tests on 72 men re- 
sulted in a correlation coeffiaent of 0 OS 

After the overfeeding CNpenment was finished 
the men vv ere allow cd to eat as they pleased wnth- 
out any guidance Eighteen months later 19 of the 
20 men vv ere again observ cd Sev cn men had lost 
more than 10 kg since the end of overfeeding and 
6 of these vv ere among the 9 men w ho had gamed 
over 10 kg in the expenment They showed an 
av erage fall of 20 mg of cholesterol and 40 mg of 
Sf 12-20 lipoprotein per 100 ml of serum (ranges 
— 57 to — S and — 82 to — 10, respectively) from 
their values at tlic end of the overfeeding penod 
Eleven of the former subjects showed smaller 
weight changes since the overfeeding penod, and 
this group included 7 of the 9 men who had gamed 
least in the expenment Their scrum cliolcsterol 
and Sf 12-20 concentrations showed a statistically 
insignificant tendency to nse slightly (averages of 
-h 15 and + 10 mg per cent, respectively) from 
their values at the end of the expenment 

DISCUSSION 

What caused the observed significant increases 
in scrum cliolcsterol ’ It has been repeatedly ob- 
serv ed that, in calone equihbnum, a major change 
in the proportion of caloncs provided as mixed 
food fats tends to produce corresponding changes 
in the concentration of cholesterol and of Sf 12-20 
lipoprotein in the scrum (9, 11-13) 

In the present expenment the proportion of 
calones pronded by fats was slightly decreased 
dunng the overfeeding (37 per cent versus 39 
per cent), so the present observations might seem 
discordant with these other findings However, 
It will be observed that the absolute amount of 
fat consumed was increased by an average of 22 
gm per day and such a change in fat consumption 
under conditions of calone equilibrium may be 
expected to produce a rise in scrum cholesterol 
concentration (14, 15) 

Consideration of these facts might suggest that 
the scrum cholesterol level tends to reflect the total 
fat ingestion, probably because cliolcsterol is a 
necessary part of the lipoprotein fat-transport 
svstem in the blood In calorie equihbnum this 
load of fat metabolism is directly related to the 
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proportion of the totsl calories consumed as fats 
but m positive calonc balance the absolute fat m 
take may be a better measure of the fat metabo- 
lism load But this explanation, without further 
elaboration fails to account for the fact that men 
who arc physically active tend in comparison with 
less active men m the same population, to have an 
elevated absolute fat intake but not elevated blood 
cholesterol values (16) Moreover, when yoimg 
men greatly increase their energy expenditure by 
exercise and maintain calone cquhibnura by m 
creasing the diet the serum cholesterol does not 
nse in spite of a considerable increase in fat con 
sumption (17) 

However allowance must be made for the fact 
that when the total rate of energy metabolism is 
increased, there is normally a parallel increase in 
the circulatory rate so that the rate of fat transport 
will be increased even though there is no nse m 
concentraUan of the fat or hpoprotem m the 
blood Accordingly it would seem that all of the 
present data are in harmony with the concept 
that, other things being equal, the serum cholcs 
terol concentration is deteimmed by the fat trans 
port load per unit of circulation imposed on the 
blood At calone eqtuhbrram this is determined by 
the proportion of the caloncs presented as fats and 
this relationship is not altered hy uKxeasmg the 
energy level of mtake if calone cquihbrram is 
raamtamed by increased exercise which normally 
also involves a proportionate increase in circula 
tory rate. In positive calone balance, the fat 
transport load is obviously increased even if the 
character of the diet is constant Indeed, if fat 
storage is takmg place, that portion of the fat sjm 
thesized from carbohydrate m the hver also adds 
to the transport load so we might expect some 
serum cholesterol nse even on a reduced fat diet 
dunng the active phase of gaining weight. But 
if the calone excess and the weight gam steadily 
continue, there is no further increase in the fat 
transport load and the serum cholesterol should 
remain constant at its new Ij raised level Finally 
if calone cqudibnum is now achieved and obesity 
is steady, the scrum cholesterol should be ex 
pccted to approximate that charactensticany as 
soaated with the proportion of fat m the diet at 
calone equiUhnum regardless of whether ^ this 
equhibnum means steady obesity, steady ‘nor 
mality ’ or steady leanness 


The fat transport of relevance would seem to 
be that from mtestme to hver and from Uver to 
fat depots These avenues arc active in ovemu 
tnhon and in high fat ingestion and are inactive 
m undemutntion and on a low fat or fat free regi- 
ment The transport of fat from the depots to the 
liver and of fat metabohtes from the Irver to the 
muscles for burning is less obviously related to 
scrum cholesterol In undemutntion the scrum 
cholesterol level usually falls though much fat is 
being transported away from the adipose depots 

The increase of Sf 12-20 hpoprotem which oc 
curred in the last half of the overfeeding penod 
involved the transfer of only about one-forticth 
of the cholesterol of the plasma from one hpopro- 
tein class to another There is no apparent reason 
for the difference but this hpoprotem class seems 
to have exhibited a slower or longer contmued 
response to the increase m food mtake than the 
preponderant cholesterol bcanng fractions 

SUMMARY 

Twenty physically healthy schixophremc men 
increased their calone intakes without changing 
their physical activity The diet was substantially 
constant and fully adequate m proteins and vita 
nuns at all times the extra caloncs being provided 
by adding carbohydrates and a small amount 
(about one-lhird of the extra caloncs) of mixed 
fats to the standard diet Thus the total fat intake 
increased though the proportion of caloncs from 
fats fell sbgbtly Average calone increases for 
20 weeks ranged from 8 per cent to 39 per cent 
and these produced weight gams from 2 5 to 222 
kg the average gam being about 0 5 kg per week. 

The average total serum cholesterol concentra 
lion rose 20 mg per 100 ml dunng the first 5 
■weeks of overeating and then remamed substan 
tially constant at the same elevated level dunng the 
next 15 wrecks though weight gam continued at the 
same rate as dunng the first five weeks The nse 
m serum cholesterol concentration m the vanous 
individuals tended to be proportional to the rate 
of weight gam. 

The concentration of the Sf 12-20 hpoprotem 
fraction m the scrum measured in the ultracen 
tnfugc tended to increase from the tenth to the 
twentieth W'cek of oi’ereating though the total se- 
rum cholesterol remained constant 
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Weight gam tended to be assoaated v^th in- 
crease m the arculating plasma and blood \oIume 
during the first necks of o^ creating mth no fur- 
ther cliange thereafter 

A h}*potlicsis as to the role of cholesterol m fat 
transport is presented nhicli seems to explain 1) 
The increase m serum cholesterol on a high fat 
diet and in oiemutntion mth a positiie calonc 
balance, 2) The stabilit} of the senim cholesterol 
dunng calorie equihbnum or in a steady state of 
continuing o\ emutntion , 3) The failure of scrum 
cholesterol to nse nhen diet calories and energy 
expenditure are both increased in parallel , and 4) 
The decrease in serum cholesterol on a Ion fat 
diet and in negatiie calorie balance 
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URINARY HEMOGLOBIN EXCRETION AND RENAL CIRCULATORY 
DYNAMICS A STUDY OF THE EFFECT OF l^NOKEFINEPHRINE 
IN THE DOG» • 

By WILLOUGHBY LATHEM * asd ALVIN D BENJAMIN * 

(From the Department of Internal hftdxcme YaU Umufrjity School of Medinne wwl the 
y eieran^ Admtnittraium HospUaJ IVesI Haven Conn) 

(Submittol for pobficitiOQ Jane 13 1956 accepted October 4 1956) 


The passage of protein molecules across capil 
lary walls is governed by the characterutics of 
the molecule and the membrane and appears to 
occur by a process of both filtration and diffusioiL 
From a study of these processes within the iso- 
lated perfused hmd hmb of the cat (2 3) and 
from mathematical considerations and other stud 
ICS (2 4) it has been suggested that the trans- 
capillary transport of protein and the degree of 
molecular sievmg of protein molecules across 
membranes during ultrafiltralion may be mflu 
enced by concentration gradients of protein be- 
tween filtrate and filtrand and by the rate of fil 
trahon of water through the capillarv wall More 
over, It has been suggested that these processes 
may be inducnced by factors which modify the 
level of hydrostatic pressure within the capillary 
(2, 5 6) 

Within the kidney these processes have not been 
subjected to extensive study That mtraglomeru 
lar hydrostatic prcssorc may modify the rate of fil 
tration of protein molecules has been suggested by 
expenments in which return which presumably 
elevates intragloraerular pressure, has been shown 
to accelerate the unnaiy excretion of plasma pro- 
teins (7 8) and hemoglobin (9) A change m 
pressure has also been invoked to account at least 
in part for the augmentation of protein clearances 
following the adnumstration of serum albumm in 
travenously to patients with renal disease (5) 
^Supported by grtirts from the National Heart In 
ttitute, United States Public Health Service, and the 
American Heart AisociaUtiD and Greenvrfch Health At 
sodatioa. 

* The results of tHi study have been published ra ab- 
stract form (1) 

* Present address Department of Medidne, Umrersity 
of Pittsburgh Sdiool of Medicme, Pittsborcb, Peonsyl 
vaida. 

* This work was nbtmtted to the Faculty « Medicine, 
Yale Umrersity in partial fulfiUment of reqdremarts 
for the degree of Doctor of Medicioc. 


Of molecular sieving within the kidiity and of the 
influence of changes m glomerular filtration rate, 
little IS known 

In the present investigation these factors were 
exiimmcd m normal, anesthetized dogs The rate 
of urinary excretion and renal clearance of hemo- 
globin were studied under conditions in which re- 
nal hemodynanucs and glomemlar filtration rate 
were modified by infusions of the adrenal medul 
lary hormone I norepmephnne, 

METHOD 

A study of the effects of 1 norepinephrine was made 
in 20 fonaie mccsrtl dogs weighing 7 to 20 kg. All 
snimali were deprived o! food, but not water for 24 
hour* prior to the test Anesthesia was induced with 
sodium pentobarbital, 30 tngm, per kg mtravcncmsJy and 
was maintafued by the administration of 100 mgm. of 
this drug at intervals thrernghemt the study An indwell 
Jng needle was placed in a femoral artery Pnmlng and 
sustaining Infusions of creatinine and p-anunohippurale 
were admhiulered Intravenously for roeasorement of glo- 
merular ffftration rate and renal plasma Bow respectlTely 
Along with these substances solotiDos of dog hemo- 
globin were administered bUavenously in emotmts su£- 
aenl to naintafa a relatively constant arterial plasma 
level of hemoglobin of from 212 fo 504 ragm. per cent, 
values well above the renal threshold (10) Pnrmng 
doses consisted of from one to two graras of hemoglobin 
m 50 mh ol 5 per cent dextrose and distilled water The 
sustaining infusioo contained hemoglobui in a concentea 
Uon of from 430 to 760 mgm. per cent and was made up 
in 5 per cent dextrose and distilled water This was ad 
ministertd at a cccslant rale of from 1 to 2 mgm. of 
hemoglobin per mimrtc. 

After allowing 30 minutes for e<ittnibraljon of these 
substances, the unne, collected by urethral catheter was 
discarded and the bladder was washed out with distflied 
water and emptied by mamnl compression after the m 
tro d acti on of air to facilitate emptying Three consecu- 
tive 10 to 20-nmitite control clearance periods were llicn 
obtained. FoUownng this an infusion of 1 norepmephrfnc 
(16 fis Prt mL) was administered intravenously at a rate 
sufliaeirt to elevate mean arterial blood pressure, tneas 
ured with a mercury manometer 20 to 50 mm. Hg This 
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TABLE I 

Unnar^ J-erro^lobin excretion ard reral hemodynatntes dunrg the in/iuicm of I norepirephnne* 


Doc 

No 

Wt, 

Procure 

BP 

r*p^ lit 

HR 

r^n 

GFR 
mJ /mn 

RPF 

FF 

Pn»s 
«tn G 

Cntb 

nfrn /ntfi nl /nin 

CncS 

r* 

3 

10 

Control 

114 

120 

54 

112 

482 

250 

304 

1 22 

2 28 



Infusion 

165 

72 

41 

76 

541 

305 

4 22 

1 38 

3 42 

7 

17 

Control 

94 

140 

35 

70 

,501 

249 

2 30 

0 92 

2 65 



Infusion 

140 

ISO 

21 

34 

620 

348 

4 22 

1 12 

5 71 

8 

20 

Control 

104 

120 

98 

207 

471 

212 

2 11 

0 93 

0 99 



Infusion 

140 

120 

85 

147 

,587 

223 

418 

1 87 

2 18 

9 

7 

Control 

85 

160 

48 

87 

552 

504 

4 58 

0 91 

2 09 



Infusion 

115 

140 

20 

43 

473 

501 

3 71 

0 74 

3 71 

10 

7 

Control 

110 

160 

31 

135 

230 

394 

0 72 

0 18 

0 61 



Infusion 

135 

128 

39 

118 

350 

470 

2 28 

0 48 

1 26 

11 

8 

Control 

SS 

130 

27 

131 

203 

354 

1 90 

054 

204 



Infusion 

130 

100 

8 

23 

427 

403 

1 71 

0 43 

5 69 

12 

12 

(Control 

95 

140 

31 

92 

339 

317 

2 18 

0 68 

2 20 



Infusion 

130 

128 

26 

82 

316 

379 

4 40 

1 16 

4 46 

13 

13 

Control 

120 

132 

32 

117 

276 

308 

2 35 

0 77 

244 



Infusion 

150 

— 

17 

50 

355 

391 

6 97 

1 79 

10 36 

14 

9 

Control 

100 

132 

24 

76 

320 

336 

2 66 

0 89 

3 83 



Infusion 

130 

168 

13 

36 

428 

397 

347 

0 91 

8 22 

15 

7 

Control 

90 

124 

23 

53 

435 

395 

3 12 

0 88 

3 90 



Infusion 

no 

160 

15 

33 

466 

410 

4 30 

1 06 

7 68 

16 

IS 

Control 

90 

156 

44 

111 

406 

244 

2 71 

1 12 

2 56 



Infusion 

120 

160 

38 

91 

415 

283 

3 28 

1 16 

3 70 

19 

13 

Control 

105 

132 

23 

56 

434 

244 

3 62 

1 50 

6 54 



Infusion 

135 

120 

12 

30 

397 

310 

3 16 

1 03 

883 

31 

16 

Control 

100 

112 

98 

209 

473 

460 

2 07 

0 45 

047 



Infusion 

150 

100 

88 

177 

496 

523 

3 52 

0 68 

0 77 

32 

12 

Control 

100 

92 

70 

108 

648 

301 

1 69 

0 56 

0 80 



Infusion 

130 

140 

62 

99 

630 

405 

3 02 

0 75 

1 21 

17 

9 

Control 

98 

148 

38 

106 

358 

285 

1 94 

0 69 

1 81 



Infusion 

140 

120 

27 

59 

470 

321 

2 40 

0 76 

2 91 



Rccoseo 

70 

134 

32 

75 

422 

331 

2 79 

0 85 

2 70 

IS 

9 

Control 

95 

148 

37 

100 

375 

273 

2 26 

083 

2 22 



Infusion 

130 

120 

18 

43 

499 

300 

2 76 

0 92 

7 59 



Rccoserv 

90 

140 

25 

63 

416 

301 

3 19 

1 06 

4 08 

25 

9 

Control 

95 

100 

62 

94 

655 

246 

3 96 

1 65 

2 73 



Infusion 

140 

132 

56 

90 

615 

323 

3 62 

1 12 

204 



Recosoo 

90 

98 

57 

98 

,576 

331 

5 79 

1 74 

3 02 

33 

13 

Control 

no 

120 

44 

117 

396 

477 

2 67 

0 56 

1 28 



Infusion 

160 

100 

32 

57 

,555 

598 

5 50 

0 92 

2 91 



Rccosorj 

75 

138 

41 

90 

459 

593 

4 25 

0 71 

1 71 

34 

10 

Control 

no 

84 

69 

104 

663 

345 

1 10 

0J2 

0 47 



Infusion 

160 

136 

59 

90 

655 

419 

2 40 

0 57 

0 98 



Rccosorj 

75 

138 

66 

142 

471 

406 

2 01 

0,50 

0 76 

35 

12 

Control 

120 

144 

32 

82 

,394 

341 

1 25 

0J8 

1 16 



Infus on 

160 

128 

19 

35 

,553 

450 

2 83 

0 63 

3 55 



Recover} 

— 

— 

19 

59 

334 

441 

1,36 

0 30 

I 74 


• \Il N-aluw are aif^qea of thre« detenninations L-no"epinephnne v.’a^ administered intravenousl> dunnj infusion 
penods Abbresaations are as foIloT.s BP «< mean arterial blood pressure HR -■ heart rate, beats per minute, GFR — 
glonerular filtratioa rate (creatinine clearance) RPF *• renal plasma flow (PAH clearance), FF filtration fraction 
(GFR/RPF) Pnis “ plasma hemoslobin concentration Un^v •• unnary hemoglobin excretion, CniS — clearance of 
hemoglobin Ciu^/Co -■ hemoglobin-creatimne clearance ratio 
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required between 4 and 50 fig of 1 norepinephnae per ndn 
ute. In most animalB the cunotmt necessary to nointatn 
artenal pressure at tbe desired levd increased progres 
rirely throughout the test After elevation of the arterial 
pre ssur e for appitcdmately IS nnnutei the urine was dis 
carded and three coosecutire 10 to 20'iBimrte clearance 
penodi were obtained during the pressor response to 
I norepinephnne. In each of iix animals (17 25 33 

34 and 35) three recovery penods were obtained iounedl 
ately following cessation of the infusion of I norepmepb* 
nne. 

Urinary and plasma concentrations of hetnoglobm were 
determined by the method of Evelyn and Mallcy (11) 
Creatimne concentrations m urine and plasma were as 
fayed by the method of Bonsnes and Taussky (12) and 
PAH levels were determined by the method of Smithy 
Finkelsteln, Ahminosa, Qawford, and Graber (13) He- 
mociobin saline solutions were prepared according to the 
method of Atnberson, Jacobs, Hitcy and Monke (14) 
Solutions of hemoglobin prepared in this manner were 
dialyxed against normal saline at 8 C for 48 hours. After 
Bltradon through a Seitz filter the solution was stored hi 


a sterile container at 8 C for penods not exceeding two 
weeks. 

RESULTS 

The results of the effects of I norepmephnne on 
renal hemodjfTiamics and hemoglobin excretion are 
presented m Table I and in Figures 1 to 6 An 
illustrative experiment is presented m Figure 1 
(dog 33) 

Systemic ctradaiory response 

During the infusion of I norepmephnne the ar- 
tcnal blood pressure increased from 20 to 50 mm 
Hg with a mean change of 38 mm Hg Cdnsid 
erable variation was encoimtered in the pressor 
response to 1 norepmephnne. Some arunmb; re- 
quired as much as 50 ^ per mmute to maintain 
the pressure withm this range whereas others rc- 



Fia 1 Tot Emxr or L-NoamKairaiOT ow Rewal Fuweno* awd UaiWAtY Hauocurem 
ElxcarnoK (Doa 33) 

Glomenilir filtration rate (C<„-crratinlne clearance) renal plaitna flow <Crra), nrlitarr hemosloMn 
eicretloo tU.»V) and mean arterial blood preainre (BP) were delertnloed before, dnrini: and (ollowloE the 
adininlMratlon of 1 norejrtnephnne. Tbe drae was B.«n dtnfag the brae iwtrf be^ the 

arrows. Tbe nrine obtained dnrine the first 15 nifanito alter beginnlne Infusion was discarded becanse of 
intrarenal delar Urraarr bemottloWn eaereSon bicrca^ In ajsocration wsth a rise In a^ pressure 
phsna hemoglobin coneentratlon (P«. at bottom) and . fall R 

Lw ThTmtratioo fractloo increased. Urme flow (V) lEmlnlshed. After the tnfnsion wsa tfscontinned 
all Talues returned towards control lerels. 
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TABLE I 


Urinary hcrroglohin cxachon and renal htmcdyrAmcs dunr£ Ike infusion of l-ncrepirepkrine * 


I>Off 

No. 

\\L 

Kt 

rro-^urc 

BP 

m Uc 

HR 

r^n 

GFR 

f-2yr^rf 

RPF 

nL/mn 

FF 

Pfl/S 

nfn 

UofvV 

/mn 

CoiS 
r-J /ntn 

Cnef. 

% 

3 

10 

Control 

114 

120 

54 

112 

4S2 

250 

304 

1 22 

2 28 



Infusion 

165 

72 

41 

76 

541 

305 

4 22 

1 38 

3 42 

7 

17 

Control 

94 

140 

35 

70 

501 

249 

2 30 

0 92 

2 65 



Infusion 

140 

180 

21 

34 

620 

348 

4 22 

1 12 

5 71 

8 

20 

Control 

104 

120 

98 

207 

471 

212 

2 11 

0 93 

0 99 



Infusion 

140 

120 

85 

147 

587 

223 

4 18 

187 

2 18 

9 

7 

Control 

85 

160 

48 

87 

552 

504 

4,58 

0 91 

209 



Infusion 

115 

140 

20 

43 

473 

SOI 

3 71 

0 74 

3 71 

10 

7 

Control 

no 

160 

31 

135 

230 

394 

0 72 

0 18 

0 61 



Infusion 

135 

128 

39 

118 

350 

470 

2 28 

0 48 

1 26 

11 

8 

Control 

85 

130 

27 

131 

203 

354 

1 90 

0 54 

204 



Infusion 

130 

100 

8 

23 

427 

403 

1 71 

0 43 

5 69 

12 

12 

Control 

95 

140 

31 

92 

339 

317 

2 18 

0 68 

2 20 



Infusion 

130 

128 

26 

82 

316 

379 

4 40 

1 16 

4 46 

13 

13 

Control 

120 

132 

32 

117 

276 

308 

2 35 

0 77 

2 44 



Infusion 

150 

— 

17 

SO 

355 

391 

6 97 

1 79 

10 36 

14 

9 

Control 

100 

132 

24 

76 

320 

336 

266 

0 89 

383 



Infusion 

130 

168 

13 

36 

428 

397 

3 47 

0 91 

8 22 

15 

7 

Control 

90 

124 

23 

53 

435 

395 

3 12 

0 88 

3 90 



Infusion 

no 

160 

15 

33 

466 

410 

4 30 

1 06 

7 68 

16 

15 

Control 

90 

156 

44 

in 

406 

244 

2 71 

1 12 

2 56 



Infusion 

120 

160 

38 

91 

415 

283 

3 28 

1 16 

3 70 

19 

13 

Control 

105 

132 

23 

56 

434 

244 

3 62 

1 50 

654 



Infusion 

135 

120 

12 

30 

397 

310 

3 16 

1 03 

8 83 

31 

16 

Control 

100 

112 

98 

209 

473 

460 

2 07 

0 45 

0 47 



Infusion 

150 

100 

88 

177 

496 

523 

3 52 

0 68 

0 77 

32 

12 

Control 

100 

92 

70 

108 

618 

301 

1 69 

0,56 

0 80 



Infusion 

130 

140 

62 

99 

630 

405 

3 02 

0 75 

1 21 

17 

9 

Control 

98 

148 

38 

106 

358 

285 

1 94 

0 69 

1 81 



Infusion 

140 

120 

27 

59 

470 

321 

2 40 

0 76 

2 91 



Recoscry 

70 

134 

32 

75 

422 

331 

2 79 

0 85 

2 70 

18 

9 

Control 

95 

148 

37 

100 

,375 

273 

2 26 

083 

2 22 



Infusion 

130 

120 

IS 

43 

499 

300 

2 76 

0 92 

7 59 



Rccosxry 

90 

140 

25 

63 

416 

301 

3 19 

I 06 

4 08 

25 

9 

Control 

95 

100 

62 

94 

655 

246 

3 96 

1 65 

2 73 



Infusion 

140 

132 

56 

90 

615 

323 

3 62 

1 12 

201 



Rccosxo 

90 

98 

57 

98 

,576 

331 

5 79 

1 74 

3 02 

33 

13 

Control 

no 

120 

44 

117 

396 

477 

2 67 

0 56 

1 28 



Infusion 

160 

100 

32 

57 

,555 

598 

5 50 

0 92 

2 91 



Rccovxry 

75 

138 

41 

90 

459 

593 

4 25 

0 71 

I 71 

34 

10 

Control 

no 

84 

69 

104 

663 

345 

1 10 

0 32 

0 47 



Infusion 

160 

136 

59 

90 

655 

419 

2 40 

0 57 

0 98 



Rcco'xry 

75 

138 

66 

142 

471 

406 

2 01 

0 50 

0 76 

35 

12 

Control 

120 

144 

32 

82 

394 

341 

1 25 

0 38 

1 16 



Infu'ion 

160 

128 

19 

35 

,553 

450 

283 

0 63 

3 55 



Rccosery 



19 

59 

,334 

441 

1,36 

0 30 

1 74 


» Ml \-alt.e5 arc a^■cra!:c3 of three determinAtionj L norepmephnnev^'a^ adminutercd intravenously dunng infusion 
nenods ^bbrevutions are as follows BP = mean artenal blood pressure, HR - heart rate, b«ts per minute, GFR - 
cro-ne-ubr filtration rate (creatimne clearance) RPF - renal plasma flow (PAH climrance) FF - filtration fraction 
(GFR/RPF) Pajv •• pla*ma hemoglobin concentrauon, UnisV -> unnary hemoglobin excretion, Cn^ "• clearance of 
hemoglobin Ctus/Co- ~ herioslobm-creatimne clearance raoo 
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rcqnirtd between A and SO ftg of 1 norcpioephriae per trfn 
ttte. la most aolmafi the amomrt nece^sarf to mainbim 
arterial preasnre at the derired level Incmaed progrci 
trrely thronghoot the te»t After elmtion of the arterial 
preawre for approxlcoately IS tmmrtea the urine was dis 
carded and three cooiecntlTe 10 to 20-niQute clearance 
periods were obtained during the pre ss or response to 
l-^Kireplnephrine. In each of toe aoimals (17 25 33 

34, and 35) three recovery penods were obt^ned immedl 
ately foUovnng cessation of the infusion of l^iorepincpb 
rifle. 

Untssry and plasma co n centr ations of hctnogloWn were 
detennmed by the method of Evelyn and Malloy (U) 
Creatinine conccDtraboas m mine and plasma were as- 
sayed by the roethod of Bceants and TaussiTr (12) and 
PAH levels were determined by the method of Sndth, 
Fmkelstda, Ahminosa, Qawford, and Graber (13) He- 
moglobtU'saSae ednbons were prepared according to the 
method of Amberson, Jacobs Hlsey, azul Monke (14) 
SolctiOQs of hemoglobifl prepared in this manner xrere 
dialyxed against normal saline at 8*C for 48 hours- After 
httradon through a Seitz filter the solubon was stored in 
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a sterile cantaincr at 6*C for periods not exceeding two 
wedea, 

RESULTS 

The results of the effects of 1 norcpincphnnc on 
renal hemodynamics and hemoglobin excretion arc 
presented in Table I and in Figures 1 to 6 An 
illustrahve expennjcnt is presented in Figure 1 
(dog 33) 

Systonjc circiifafory r/sponse 

Dunng the infusion of 1 norepmephnne the ar 
tenal blood pressure increased from 20 to 50 mm 
Hg with a mean change of 38 mm. Hg Consid- 
erable variabon was encountered In the pressor 
response to Fnorepmephnne Some animals re- 
quired as much as 50 pg per mmute to maintain 
the pressure within this tat^ whereas others re- 



Fia 1. Tm Errecr or L-Nonriirepnzmx ok Remai. Foncttok akd Uiwaxt Hcuocuwm 
ExcmioK (Doc 33) 

GlomtniUr filtration rate (Cor-creothrfoe clearance) renal plasma flow (Ctui) unnary hemogUto 
cxcretioci (UawV) aod arterial blood pressure <BP) were detenmned before, during aad foilowuig toe 
»dmiaUtr*tion of I norepinephrine. The drug was given intravenously dunng the tone noted bctweai 
•ttows. The urine obtahied during toe first 15 mumtes after begiomng infusloa was discarded because rf 
torarenal delay Urinary bemogloWn cxcrehoo increased m associatton with a rite fa artcnal pressure and 
plasma hemoglobin coocentrahon (P.,*, at bottom) and a fall fa glomemUr filtration rate and renal placna 
The filtration fracUon mereased. Urine flow (V) dimfaUhed. After the infusion was discontfaoed 
an values returned towards control Icvdi, 
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«h,b CONTROL 
ml/mtn 


Fig 2 The Effect of L-Xoretinephrine on the 
Re ae CiXARA ,CE OF Hemoglobin 
The a\craged \ti!ucs for the clearance of hemoglobin 
during the control penods are plotted against the clear- 
ances of this protein dunng the pressor response to 
1 norepinephrine. The clearance of hemoglobin increased 
in 14 studies, decreased m 4, and remained unchanged in 2 

quired ns little ns 4 /ig per minute After the in- 
fusion nns discontinued the blood pressure re- 
turned promptly to control le\els or below Tno 
dogs (17 and 33) became hj'polcnsue at this time 
(Table I) In most animals tlie cardiac rate de- 
creased 20 to 30 beats per minute dunng infusion 
of l-norepmcphnne, in others, a tachjcardia wnth 




02 a* 0 < 0 a 10 u 

Cc, KORtPI 
C,, CONTROL 


Fig 3 The Rel.stio ship Between the Chances 

IN -HE CiXAKa: CE or HEi'OGLOEIN A' D THE CtXAEANCE 

or Crx-sTiNi -E Dvnu' c the Peessot Resfo se to 
I^Ro-eti' Ernw -e 

The rat o o' the infu'ion to the control ralues of the 
clearance o' heirogloVn is ploUcd against the changes in 
the creaUnirR clearorce. Tlie clearance of hemoglobin 
tended to i"crca'e dunng the in'us on of 1 norepinephrine 
cxccp’ in iho'e in5ta-"ces s-hen the red-ction in the creau- 
mre clcaran'e c-xceeded 50 pe- cen* of control values 


Naraung degrees of irregularity of cardiac rhy-thm 
was obsert cd 

Ratal haitodynamtcs 

Dunng control obscmtions pnor to the infu- 
sion of l-norcpmephnnc the mean renal plasma 
flow for the entire group of 20 animals was 100 
ml per 10 kg body weight per minute, a \-alue 
less than that reported (15) for normal dogs under 
basal conditions — 135 ml per 10 kg body weight 
per minute The mean renal filtration fraction 
(GFR/RPF) was 0 43, a a-aluc higher than that 
reported (15) for normal animals — 0 32 These 
differences may be attnbuted to the administration 



Fig 4 The Effect of L-RoREriNEpniiiNE on the 
He-mocuibin-Creati ..ine Clearance Ratio 
The control a-alues of the hemoglobin creatinine ratios 
(Cai»/Ccr) are plotted against these ratios obtained dur- 
ing the infusion of 1-norepinephnne. Tlie hemoglobin 
clearance increased relatne to the creatimne clearance in 
all studies but one. 

of hemoglobin, which elicits mtrarenal vasocon- 
striction (16) The mean glomerular filtration 
rate was 41 ml per 10 kg body weight per minute, 
a figure not significantly different from normal 
values (IS) 

Dunng infusion of I-norcpincphnnc renal 
plasma flow (RPF, Table I) decreased in all dogs 
but one (dog 25) The mean renal plasma flow 
at this time was 63 per cent of control values, vvith 
a range of 16 to 96 per cent of control levels 
Glomerular filtration rate (GFR, Table I) dimin- 
ished more than 10 per cent in 17 dogs (range of 
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change, 11 to 70 per cent) remained unchanged 
in two (dogs 25 and 31) and increased m one (dog 
10) For the entire group the mean value of GFR 
during the infusion of 1 norepmephnne was 71 per 
cent of control levels There vras no correlation 
between the magmtude of blood pressure elevation 
and the degree of change in GFR, The correlation 
between the rate of infusion of 1 norepinephrine 
and the change in GFR was agmheant (r = — 
446 p< 05 > 01) The filtration fraction 
(FF Table I) increased m 11 dogs, decreased in 
4 and remained unchanged m 5 On cessation of 
infusion of 1 norepmephnne RPF, GFR, and FF 
returned towards control values (recovery penod. 
Table I) 

Unnary hemoglobin excretion (Unjt.V, Table 
I Figure 1) increased during the pressor response 
to 1 norepmephnne m 17 studies, decreased m 2 
(dogs 9 and 11) and remamed unchanged in one 
(dog 25) The mean excretory rate at this time 
was 166 per cent of control values with a range 
of 81 to 316 per cent These changes m excretion 
were usually but not mvanably accompatued by an 
increase in the concentration of benv^lobin on 
plasma. In 17 animals the plasma level of hemo- 
globin increased 10 to 40 per cent (mean change, 
20 per cent) , m three (dogs S 9 and 25) the 
plasma level did not change. The nse in plasma 
concentration may be attributed to the hemocon- 



Fio. S Tns Rhatioxshw Bitwecn the Clearance 
or CREATimKE AXD TUE Hcmoclomk-Creatindix Cleae 
AN cx Ratio Dumxq the Pbmsoji Response to L Nob 


mKETSElKt 

The ratio of the Infoilon to the control valoe* of the 
heroofilobin'creatlmne clearance ratios ( C«c>/C cr) is 
plotted against the ratio of the infusion to control valoes 
of the clearance of creatinine (Cc) As dtmimsh^ 
the clearance of hemogloHn increased relative to creab 
nine. In one study Coi^/Cot tnereased as Cc rose. 



Fia 6. The Relationshw Be'iwz ek the Clearance 
OT PAH AICO THE HEUOGLOBIN*GttATIinKE ClXARAXCE 
Ratio Dubing the Pbemor Rmpohee to L-NoBtn 

KEPimitE 

The ratio of the infusion to the control values of the 
hcmoglobln-cfeatininc clearance ratios (Cniw'Cot) is 
plotted against the ratio of the infusion to the control 
values of the PAH clearance. As the clearance of PAH 
dirninlthed, the clearance of hemoglobin mertased rela 
tive to ertatimne. 

centrating effects of 1 norepmephnne (17 18) and, 
m some instances, to a greater rate of admmistra 
tion than of excretion of hemoglobin. 

The renal clearance of hemoglobin (Cmb, 
Table I) showed similar directional changes (Fig- 
ure 2) However, since the concentration of be- 
moglobm m plasma mcreosed in most studies, the 
percentage change m hemoglobin clearance was 
less than that of hemoglobin excretion, Cnn. in- 
creased in 14 animals decreased in 4 (dogs 9, 11, 
19 and 25) and remained unchanged in 2 (dogs 14 
and 16) Thu >’anabihty may be attributed m part 
to the magnitude of the reduction m the volume of 
glomerular filtrate, since the clearance of hemo- 
globm tended to fall when GFR vns reduced more 
than 50 per cent (Figure 3) The mean Cntt. 
during the infusion of 1 norepmephnne was 137 
per cent of control values with a range of 69 to 
267 per cent 

On cessation of the infusion the e.xcrction and 
clearance of hcmoglobm returned towTuds con 
trol values m three studies (dogs 33, 34 and 35) 
and increased m three (dogs 17, 18 and 25) The 
increase m dog 25 was spunous since thu animal 
dc\'cloped gross hematuna dunng the recover) 
penods 

The hemoglobin-creatimne clearance ratio (Cn^ 
/Ccr, Table I) increased in ereiy study but one 
(dog 25) (Figured) The mean value dunng the 
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Ckjk CONTROL 
nl / eiin 

Fig 2 The Effect of L-KoREriNEpnrisE on the 
Re' al Clearance of Hemoglobin 
The aixniged vafties far the c/carancc of hcmog/abin 
during tlic control penods are plotted against tlie clear- 
ances of this protein during the pressor response to 
1 norepinephrine. The clcamncc of iicmoglobm increased 
n 14 studies, decreased in 4, and remained unclianged m 2 

quired as little as 4 fig per minute After the in- 
fusion \\-as discontinued the blood pressure re- 
turned promptly to control le\els or below Two 
dogs (17 and 33) became h}-potcnsne at this time 
(Table I) In most animals the cardiac rate de- 
creased 20 to 30 beats per minute dunng infusion 
of l-norcpinephnne , m otliers, a tachj cardia w ith 
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Fig 3 The Rel-stio snir Between the Chances 

IN THE ClEAEA CE OF HCltOCLOBl' A' D THE CLEARANCE 

OF Crx-sTiNi E Dufj' c the PrxssoT Response td 

L-\ oaErt''EriirjNE 

The ratio of the infwion to the control values of the 
cleararce of I emoglobin m plotted against the changes la 
the cream ne dearance. TI e dcarance of hemoglobin 
tended to ircreaie d-rmg the in^'us on o^ 1 norepincphnne 
etcep* 1 tl o'e instances \ hen the rcd_ction in the creati- 
mre clcanu-ce exceeded SO per cent o( cortrol rakes 


t-arynng degrees of irrcguhntj of cardiac rhythm 
was observed 

Renal hemodynamics 

Dunng control observations pnor to the infu- 
sion of l-norcpinephnnc the mean renal plasma 
flow for tlic entire group of 20 animals was 100 
ml per 10 kg body weight per minute, a vailue 
less than that reported (15) for normal dogs under 
basal conditions — 135 ml per 10 kg body weight 
per minute The mean renal filtration fraction 
(GFR/RPF) was 043, a value higher than that 
reported (15) for normal animals —0 32 These 
differences may be attnbuted to the administration 



Fic 4 The Effect of L-NoREpiNEpnRiNE os the 
Heaioclobin-Creattmne Clearance Ratio 
T he control values of the hemoglobin-creatinmc raUos 
(Cnrb/Ccr) are plotted against these ratios obtained dur- 
ing the infusion of 1 norepinephrine. The hemoglobin 
clearance increased relative to the crcatimnc clearance in 
all studies but one, 

of hemoglobin, which elicits intrarcnal vasocon- 
striction (16) The mean glomerular filtration 
rate was 41 ml per 10 kg body weight per minute, 
a figure not sigmficantly different from normal 
values (15) 

Dunng infusion of I-norcpincphnnc renal 
plasma flow (RPF, Table I) decreased in all dogs 
but one (dog 25) The mean renal phsma flow 
at this time was 63 per cent of control values, with 
a range of 16 to 96 per cent of control levels 
Glomerular filtration rate (GFR, Table I) dimin- 
ished more than 10 per cent in 17 dogs (range of 
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change, 11 to 70 per cent) remained unchanged 
in two (dt^ 25 and 31) and increased in one (dog 
10) For the entire group the mean value of GFR 
during the infusion of 1 norepinephrine was 71 per 
cent of control levels There was no correlation 
between the magnitude of blood pressure elevation 
and the degree of change m GFR The correlation 
between the rate of infusion of 1 norepinephrine 
and the change in GFR was significant (r = — 
446, p < 05 > 01) The filtration fraction 
(FF, Table I) Increased m II dogs, decreased in 
4 and remamed unchanged in 5 On cessation of 
infusion of 1 norepmephnne RPF, GFR, and FF 
retiuned towards control values (recovery period. 
Table I) 

Urinary hemoglobm excretion (UnjaV, Table 
I, Figure 1) mcreased during the pressor response 
to 1 norepmephnne tn 17 studies, decreased in 2 
(dogs 9 and 11) and remained unchanged m one 
(dog 25) The mean excretory rate at this time 
was 166 per cent of control values with a range 
of 81 to 316 per cent These changes in excretion 
were usually but not invariably accompanied by an 
mcrease in the concentration of henn^lobin m 
plasma. In 17 animals the plasma level of hemo- 
globin mcreased 10 to 40 per cent (mean change, 
20 per cent) m three (di^ 8, 9 and 25) the 
plasma level did not change. The nse in plasma 
concentration may be attributed to the hemocon 
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Fra. 5 The RELAtToN^nn* Bmvtti? me Cleakance 

or OttATININE AJTD TOE HOlOCLOBtW OraATOTmE ClKAB 

ance Ratio Dutotc the Pbesece Respowm to L No* 

IPlKEPH*n7E 

The ratio of the Infoikm to the control TahtcJ of the 
faemoglotnn-creatinirw clearance ratio* (C»**/Cc ) is 
plotted tgaiort the ratio of the infotioa to ccmtrol Tahre* 
of the clearance of creatinine (Co ) A* Cc dinunlihed, 
the clearance of bemoclobin increaied relatire to creati 
time. In one study Cof^/Co increased us Ccr rose. 
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Fro. 6. Tde RixATtoNSHiP Betweew the Clhasance 
or PAH the HEMOcaijKK-CREATiKnrE Culaeahce 
Ratio Dowko the Pbusojk R3e»ojt« to L-Nc»m 

KEPHJUKC 

The ratio of the infonon to the control valaei of the 
heroogloblQ-creatinine clearance ratio* (C*,*/Cof) i* 
plotted against the ratio of the Infusion to the control 
Taluc* of the PAH dcaranct. A* the clearance of PAH 
difflialshed, the clearance of hemoglobin increased rela 
tjvc to creatinine. 

centraimg effects of 1 corepmephnae (17 18) and, 
in some instances, to a greater rate of admimstra 
tiOD than of excretion of hemoglobin. 

The renal dearance of hemoglobm (Cn,b 
Table I) showed similar directional changes (F5g 
ure 2) Hem ever, since the concentration of he- 
moglobm m plasma increased m most studies tlie 
percentage change m hemoglobm dearance was 
less than that of hemoglobm excretion. Cntti m* 
creased in 14 animals, decreased m 4 (dogs 9, 11, 
19 and 25) and remained unchanged m 2 (dogs 14 
and 26) This \'anabjhty may be attnbuted in part 
to the magnitude of the reduction m the volume of 
glomerular filtrate, smcc the clearance of hemo- 
giobm tended to fall when GFR 'vas reduced more 
than SO per cent (Figure 3) The mean Cnni 
dunng the infusion of 1 norepm^hnne \vas 137 
per cent of control values with a range of 69 to 
267 per cent 

On cessabon of the infusion, the excretion and 
clearance of hemoglobin returned towards con 
trol values m three studies (dogs 33, 34 and 35) 
and increased m three (dogs 17, 28 and 25) Tlie 
increase in dog 25 u’as spunous since this animal 
dcTcloped gross hematuria dunng the recovery 
penods 

The hemoglobin-crcabmne dearance rabo (Cnt^ 
/Ccn Table I) mcreased m every study but one 
(dog 25) (Figure 4) The mean value dunng tlie 
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administration of l-norepmephnne 211 per 
cent of control levels v\nth a range of 75 to 463 
per cent The correlation betv\ een the changes in 
this ratio and GFR vvas of borderhne significance 
(r= — 0436,p< 10 > 05) (Figure 5) ® The 
correlation between the changes in Cntb/Ccr and 
RPF was significant (r=— 0 590, p< 01) 
(Figure 6) On cessation of the infusion of 
1-norcpincphnne the hcmoglobm-crcatinine clear- 
ance ratio returned towards control levels in all 
animals CNCcpt dog 25, v\ hich dev eloped gross he- 
matum 

DISCUSSION 

Hemoglobin molecules arculating in plasma are 
excreted in the unne at a rate which is determined 
b} the rate of transport of these molecules across 
the glomcruhr membrane and bj the capaatj of 
the renal tubular cells to abstract this protein from 
glomerular filtrate during the process of unne 
formation The present study suggests that cither 
one or both of these processes concerned in hemo- 
globin excretion maj be modified dunng the pres- 
sor response to l-norcpinephnne The increase in 
unmrj excretion and in the renal clearance of 
hemoglobin cliated by the infusion of l-norepi- 
nephnne maj be attnbuted to either an increase in 
transglomerular transport of hemoglobin or to a 
decrease in tubular rcabsorption, or to both Al- 
though the precise mechanism of this excretory 
response was not established, the magnitude of the 
changes suggests that alterations in tubular rcab- 
sorption alone were not responsible In dogs 12, 
13, and 33 the increment in hemoglobin excretion 
exceeded 2 0 mgm per minute (bj 2 2, 4 62, and 
2 S3 mgm per minute, respectiv elj ) , the approxi- 
mate maximal rate of tubular reabsorption of he- 
moglobin in dogs the size of those cmplojcd in 
the present stud} (10) Hence, the augmented 
hemoglobin excretion ma} be attnbuted, at least 
in part, to a more rapid rate of transfer of hemo- 
globin moleailes into glomerular filtrate WTiether 
changes in tubular rcabsorption also occurred is 
not knowai 

The mechanism of tins alteration m transglo- 
menilar transport is not dear Since the concen- 

s }\T-cn the one studv (dos 10) in which the creatinine 
clearance increased is o-niUed from these catailaUons, the 
correl^liO'T between GFR and Cois/Ccr is significant 
(r = -Oi3'5 p< 03> 01) 


tration of hemoglobin in glomerular filtrate nses 
m a linear manner as plasma hemoglobin concen- 
tration increases (10, 19). the increment m plasma 
concentration usuallv elicited m the present study 
b} the infusion of 1-norcpmcphnne undoubtedl} 
contributed to this increase in transport m most 
studies However, the increase m plasma levd 
was inconstant (dogs S and 9) and was insuffiacnt 
in most instances to account for the magnitude 
of the increment in the dearance of hemoglobin 
and in the hcmoglobm-crcatmme clearance ratio * 
Hence other factors appear to hav e been operative 
as well to augment the glomerular transport of 
this protein 

That alterations m glomerular filtration rate 
maj hav e initiated these changes in transport must 

* This xicn can be illustmtcd by theoretical calculations 
of the change in the clearance of hemoglobin and in the 
hcmoglobin-crcatinine clearance ratio to be expected bj a 
20 per cent increase in the plasma hemoglobin concentra- 
tion, the average increment observed m the present study 
during the infusion of I norcpincphnne 

(a) Assuming the follow ing velues plasma hemoglobin 
concentration, 3 0 mgm per ml , creatinine clearance, 40 
ml per minute, glomerular permeability to hemoglobin, 
5 per cent of the creaumne clearance (18), and 

2 0 mgm per minute 

Fiitcrcd Hgb ■= 3 0 X 40 X 05 
«= 6 00 mgm /min 

Reabsorbed Hgb *= 2 00 mgm /min 

Excreted Hgb ■= 4 00 mgm /min 

Cn.b " = 1 33 ml /min 

Cn.b/Cc, “ “ 0^3 

(b) Assuming a 20 per cent increase in Pnib and no 
change in glomerular permeability or tubular rcabsorption 

Filtered H^ ° (3 0 -f 0 6) X 40 X 05 
7 20 mgm /min 

Rcalriorbcd H,b ” 2 00 mgm /mm 

Eixereted H,b ” 5 20 mgm /mm 

Cnib •= ■=■ 1 44 ml /mm 

Cn.b/Ccr ° ^ - 0 36 

Per cent change in Cntb “ 8 per cent. 

Per cent in Cdi^/Cc, “ 9 per cent. 

These changes arc than those determmed expenmen- 
tally (average cipenmental change in Cn,b, 37 per cent 
and in Cuib/Ccr, 111 per cent) Hence an increase in 
plasma hemoglobin concentration of 20 per cent cannot 
alone account for the ob*eraed alterations 
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be considered in view of the relationship between 
protein transport and filtration rate as formulated 
in the theory of molecular sieving According to 
this theory, the concentration of protein in capil 
larv filtrates increases as the rate of formation of 
filtrate diminishes owing to differences m the dif 
fusion charactcnstics of protein and water (creati 
nme) molecules (2-4) Although GFR charac 
tenstically fell m the present study the role of this 
reduction is obscure. That the excretory response 
to I norepmephnne may have been modified by 
changes in GFR is evident in Figure 3 which 
shows that the typical increase in hcmoglobm 
clearance was abolished by marked decrements of 
GFR’ But whether adjustments of GFR tmhatfd 
the cDccretoTy response to 1 norepmephnne in ac- 
cordance with the concept of molecular sievmg is 
not dear In one study (dog 10) the dearance of 
heraoglobm increased (both m absolute terms and 
relative to creatinine) in assoaation with an in 
crease rather than a decrease m GFR. Moreover, 
the rdationahip between filtration rate and protein 
transport is uncertain owng to doubt conceming 
the mechanism of the reduction of GFR in the dc^ 
during the vasoconstnctive response to I norepi 
nephnne. If as has been suggested (20), filtra- 
tion dunimshcs as a result of selective cessation of 
glomerular activity in a portion of the nephron 
population, the theory of molecular ucvmg as out 
Imed cannot account for the changes in hemoglo- 
bm dearance chated m the present study Since 
under these arcurastanccs, filtration would be un 
altered in those nephrons contributing to unne 
foTTnation the relationship between the transglo- 
memlar transport of heraoglobm and creatimne 
would not change m these nephrons and the hemo- 
globm-creatimne dearance ratio would remam 
constant If however, GFR decreases by a gen 
cralized partial reduction of filtration m active 
nephrons, or if variable alterations of filtration 
rate m residual, active glomeniU occur during 
nephron cxdusion, the transport of hcmoglobm 
across the glomerular membrane of functiomng 

’The deerew m the dearance of bcmoslolnn ttnder 
tbe»e drcttmstarice* may be attributed to the tnariced re 
duction in the volume of glomerular filtrate. Since the 
clearance of hemoglobin increased relative to creatimoc 
m tbetc Instance* the factor* tending to augment the 
transglo m e ni lar transfer of hemoglobin appear to hare 
been operative m these a* m the other itodie*. 


nephrons might mcrcase relative to creatinine m 
accordance with the theory of molecular sievmg 
and the dearance of hemoglobin would rise rela- 
tive to creatimne. Until however, the predse 
mechanism of the reduction of GFR is established 
the role of these changes m filtration rate cannot 
be evaluated. 

Studies of the effects of plasma volume ex- 
pansion on protemuna (5) and of the effect of 
remn on the excretion of hcmoglobm and plasma 
proteins m rabbits and rats (7-9) have suggested 
that the transport of protein molecules across the 
glomerular membrane may be conditioned by the 
level of mtracapillary hydrostatic pressure Remo, 
•which has hemodynamic effects in the kidney simi 
lar to those elicited by 1 norqimephnne, is thought 
to elevate intraglomerular pressure by vasomotor 
adjustments of the efferent and afferent arterioles 
(8) This nse in pressure, it has been suggested 
(8) aoielerates the filtration and/or diffusion of 
protein across the glomerular membrane by mccha 
nlsms which are not clear but which may be re- 
lated to Btrctchmg of the glomcmlar membrane 
(5) Whether 1 norepmephnne acts m a similar 
manner is not known A nse m mtraglomenilar 
pressure would be expected to elevate glomerular 
filtration rate relative to renal plasma flow (an in 
crease m the renal filtration fraction), a functional 
pattern which is chated by both rerun and 1 nor- 
epmephnne But -whether this relationship be- 
tween filtration rate and plasma flow actually re- 
flects adjustments o! mlraglomerular pressure is 
not clear (15) Moreover if nephron cxdusion 
occurs dunng the administration of 1 norepmeph- 
nne, a ■variable and uncertain relation between flow 
and filtration may exist m active and inactive 
nephrons and hemodynamic interpretation of the 
filtration fraction would be impossible Hence 
the changes m protem transport chated m the 
present study cannot be evaluated in terras of ad 
justments of intraglomerular pressure. Whether 
the level of hydrostatic pressure genmnely infln 
ences protein transport has not been unequivocally 
established The precise role of this factor in the 
kidnej and other sites remains to be determined 
That hemodynamic adjustments within the kid 
ncy may ha^ e altered the transport of hemoglobin 
across the glomerular membrane radcpendcntly of 
alterations in glomerular filtration rate and intra- 
glomcrular pressure is possible. The relationship 
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Stnictural and functional derangements m the 
kidney during the course of Epidemic Hemor- 
rhagic Fever run as a continuing thread of cause 
and effect through a complex of physiological and 
biochemical disturbances that has perhaps no 
parallel among the acute infectious diseases So 
closely kmt are these renal aberrations in the fabric 
of the cluneal sjmdrome that investigators have 
found it unpractical to disentangle the element of 
renal failure from the related phenomena of 
shock hypotension or hypertension and electrolyte 
or v\*ater imbalance and so simply state as thar 
conclusion that renal complications are present 
in all examples of the disease and at ev’ery stage of 
its progress (1) 

The general nature of the renal lesion has been 
estabhshed In its climcal aspects it is an ex- 
ample of acute renal failure with the typical 
ch^ractenstics of proteinuna oliguna and late diu 
resis From the physiological viev\'pomL the in 
vestigations of Froeb and McDowell (2) and of 
Simer and Markels (3) have demonstrated similar 
disturbances of renal blood flow which occur cither 
os 1 part or at times independent!) of the general 
circulator) colbpse which so frequently ensues m 
(he earl) phases of the disease. 

The pathological alterations that occur m the 
kidnc)8 have been described bv the Russian in 
vestigators who first recognized the disease m 
eastern Siberia (4) ^ and in later studies b) tlie 
Japanese (4) More recently Hullinghorst and 

1 Thtj y-xirtc iva* done under the axuplca of the Com 
iresrion on Hemorrhagic Fever Armed Forcei Epidemio- 
logical Board, and was supported by the Office of the 
Surgeon General of the Army and in part by a research 
grant (H 1515 C2) from the National Heart Institute, of 
the National Institutes of Health Public Health Service 
and the Life Insurance ifedical Research Fund. 

Thoogb the earlier reported cases of EHF were lim- 
jlcd to Manchuna and eastern Siberia, later observationt 
ha\e slion-n that a vtr> nmilar diseajc occurs m the 
Balkans and Czechoslovakia. The mild “epidemic ne 
phropatlij” observed in Finland, Sweden and Norway re 
semlilcs RHF in some wa)^ but an identity has not been 
proved (5) 


Steer (6) Steer (7) and Lukes (8) have re 
ported on matenal obtained dunng epidemics 
among Amencan troops in Korea Though the 
resemblance of the histological picture to that 
which IS found in other forms of tlie acute renal 
necrosis associated with traumatic and toxic m 
jury has impressed pathologists certam cliarac 
tenstics of the structural lesions of EHF are so 
distinctive that m the absence of a demonstrable 
etiological agent the) have become the final cn 
tenon for its diagnosis 

A general discussion and detailed anal)’sis of 
the chmeal physiological and biochemical de- 
rangements that occur m EHF have appeared in 
a Svmposmm published under the editorial di 
rection of Dr David P Earle (9) Against tins 
background an attempt will now be made to inte 
grate the development of the stmctunl aspects of 
the renal lesion with the progress of its functional 
disturbances 

MATERIAL AND METHODS 

The cbmcnl data and pathological material of tlui 
•tudj luve been taken from the records of the Commis 
»jon of Epidemic Diseases and the collectxms of tlie 
Armed Forces Institute of Pathology 

Thirty nine fatal cases of EHF which occurred dur 
mg the Spring and Fall epidemics of 1952 and 1953 
among American troops in Korea haNx been examined 
An analysis of thirty four of these appears m the Syro 
posium (9) the case mimben of this earlier stud> lia\e 
been retained and liiough mucli of its inlistance Itas been 
Incorporated into our report furtlier pertinent informa 
tion may be denred from this source, m particular from 
Table VIII page 636. 

The distribution of the cases m regard to the plia%c 
of the disease m which the individual died was as 
follows 


Hypotcnslxe phase 19 

(Pnmar) shock 12) 

(Transition shock 7) 

Oligunc phase 10 

Diuretic pJtise 1 to 16 days of diuresis 9 

Convalescence, 149 davs from onset 1 


39 


99 
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Structural and functional derangements in tlic 
kidne} during the course of Epidemic Henior 
rhagic Fe\ er run as a contmuing thread of cause 
and effect through a complex of physiological and 
biochemical disturbances tliat lias perhaps no 
parallel among the acute infectious diseases So 
closely knit are these renal aberrations in the fabric 
of the clinical sjmdrome tliat investigators ha\e 
found It impractical to disentangle tlie element of 
renal failure from the related phenomena of 
shock hj’potension or hypertension and electrolyte 
or W’ater imbalance, and so simply state as tlicir 
conclusion that ‘renal complications are present 
in all examples of the disease and at eierv stage of 
Its progress (1) 

Tlie general nature of the renal lesion has been 
established In its clmical aspects it is an ex 
ample of acute renal failure ivuh the typical 
cEiractenstics of proteinuria ohguna and late diu 
rests From the ph> siological vicw'point the m 
vcstigabons of Frocb and McDowell (2) and of 
Syner and Markcls (3) have demonstrated similar 
disturbances of renal blood fim\ which occur either 
as a part or at times independently of the general 
arculatory colbpsc which so freiiuenth ensues in 
the early phases of the disease 

The pathological alterations tEat occur m the 
kidneys have been desenbed by the Russian m 
vcstigators who first rccognued the disease m 
eastern Siberia (4) and in later studies b\ the 
Japanese (4) More recently HuUmghorst and 

^ This vsork \va$ done under the auspices of the Com- 
rrasaion on HcTDorrhapic Festr Armed Forces Epidemto- 
logical Board, and was supported by the Office of the 
Surpeon General of the Army and in part by a rcseareh 
grant (H 1515 C2) from the KaUonal Heart Institute of 
the National Institutes of Health, Public Health Semce, 
and the Life Insurance Medical Research Fund. 

ThooRh the earlier reported caKS of ElIF were lim- 
ited to ^klanchuna and eastern Sibena, later ohscrratlonj 
ha\‘e shown that a very similar disease occurs in the 
Balkans and Crccbo'lovakia, The mild epidemic ne- 
phropaths" observed m Hnland, Sv.eden and Norway re 
semblcs FHF m some wajs but an klcnutt has not teen 
provcil (S) 


Steer (0) Steer (7) and Lukes (8) ha\e re- 
ported on material obtained during epidemics 
among American troops in Korea Though the 
resemblance of the histological picture to that 
whicli IS found in other forms of the acute renal 
necrosis assoaated with traumatic and toxic in 
jnr> has impressed pathologists certain charac 
tcnstics of the structural lesions of EHF arc so 
distincti\e that m the absence of a demonstrable 
etiological agent the> ha\e become the final cn 
tenon for its diagnosis 

A general discussion and detailed anal} sis of 
the clinical physiological and biodiemical de 
rangements that occur m EHF ha\c appeared in 
a SyTUposium published under the editonal dj 
rection of Dr Dand P Earle (9) Against this 
background an attempt wall now be made to inte 
grate the dci elopment of the structural aspects of 
the renal lesion with the progress of its functional 
disturbances 

MATXRIAI, AND METHODS 

The clmjcal data and pathological material of thit 
study have been taken from the rccordi ol the CommU 
lion of Epidemic Diseases and the collections of the 
Armed Forces Institute of Pathology 

TWrt> nine fataJ case* of EHF which occurred dor 
ing the Spring and Fall epidemics of 1952 and 1953 
among American troops m Korea have been examined. 
An analysis of thirty four of these appears in the Sym 
posium (9) the ca c rmmberi of tins earlier study ha\x 
been retained, and though much of lU sulwlance has been 
Incorporated into our report furtlicr pertinent informa 
tion ma> be derived from this source in particular from 
Table VIII page 636 

The distribution of the cases m regard to die phase 
of the disease m xvhlch the hidindual died was as 
folloiv s 


Hypolcfisirc plmse 19 

(Pnmar> shock 12) 

(Transition shock 7) 

Oligcunc phase jg 

Diuretic pliase I to 16 days of diuresis 9 

Convalescence 149 days from onset 1 
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TF_\N OLUFR \\D MIRIFL M\trKU\FtL 


The rrethrKi o ‘tuJv wa' io]1iu« Tie n top’.e 
protocol^ ^^d clminl rexi'vrd' were fir--t rt\iewcd. See- 
tioiic 01 "ill tic ti tuC' tro-n etch autopve were then cx 
amincd !or w Liter er rchtion tier nticl t Itenr to tic 
rciil Ic^ioT md tl c ecetion'^ ot kidncr studied in detail 
I)% the eonrciitionil n ctliod' ot Iii'toloqicil cMmimtion 
In tl c nntcrnl ot tine prehmmire nirrcr 10 per cent 
lomnlin and Zenker e -olution lid l>cen the fi\iti\c 
and le-natowhn and coein tic 'tun in 'uheeipicnt ex 
imimtione tic Mieeon etim iron hcmitoxelm and conn 
\cid 1 1*1 (ircen ind ccrtiin hietochcnncil procedures 
were need 

\ttcr this cxinnnition Iiad C'tihhshcd tl c {tcncnl in 
Inrc o the renil Ic ion nnerodie'Cetion oi tl c kidncr 
tisene IS prcMO isl\ dc'cnlied (10) wis done to ohserec 
tl c detiil ind toi><n;ra]dne-il relitions ot ilmonnihties in 
the nciihron The disscvtcd nc|ihrons were stained 
with iron hcmitowhn ind cimen lueida drawinps or 
pi otomicropnph' were nude tor iicrminciit rceord 
will ippeir in the dc'Criptions oi the stnicluril il(en- 
tiniis 1 contnuioii' conipirison wis mide dunntt the 
jirocrc s OI the work hetween tl e iiiiieinnce oi the lesions 
IS the\ were re\eile<l In the two methods oi examination 
''eU'Ctcd cximides illustritinc the course ind dcrcloii- 
n ent oi the pitholopinl iltentions iiipcar in our il 
histntio IS It IS perlajis imiicecssin to |>oint out tint 
con nil minis ot expen c ind space hare made ncccssare 
1 Col idcrilile restrietioii m the pre'Ciitition ot our find 
nips Diirnip the dissesction ot each ease hundreds of 
ncpl roils were eximinesl miiu were drawn h\ meins of 
tl c eimcn luadi and a Ic'scr numher pliotopnphcel at 
n aeililicatio is ot n|> to d(M) times Of the latter oiih 
trincal examide can Ik published and at preal reduction 
the oripinal ot Plate I tor example is coinpo cd of 97 
induadual 4 hr s microphotopraphs which when assem- 
Idcil to sliow the coiiiiiletc ne|iliron coeer a s]ncc of 4 bj 
^ text much detail is therefore lost m the jiroccss of 
1 iiblu itioil 

In tl c expo itinn ot o ir tiiidmes tlic nomenclature u'C<l 
bs ehi ical in\e tipators to de ipiiate tic cour e ot the 
di ca e has Ikxii adopted \ bnet renew ot the sendrome 
ot I HI mar orient the reader tor tl c more ilctaileal de 
cnii'ion n tic pli\ siolopical clinical and intliolopical 
correlitioi that are to lollow 

Tilt CLIMCXL S\NnR0Ml OF Fill 

Diintio all but the fiF't of the fi\c succcssitc 
jiln'ts Tebnle Ih-poteiisne Olitjunc Diuretic 
and Conralcscent into winch the clinicnl course 
OI nil has been duided disturbances of renal 
actiMtx are jironunent The I tbnle I’base is cliar- 
aeten’exl b\ the itsual le\er ehtlls btadachc and 
nattsea nl an acute inte-ctions di'ease anel ends 
an> ind tie tilth da\ b\ delert eseeiiec 

W fh passage into the IhjKtcnstxe I’liase the 
earhe' ntanitest ut ni' ot distiirKai ce in the {lenph- 
e""!! c reii'ati i such a~ she intense lln~h o the 


taet Tiid the nijeetion oi the ]ihar\n\ he'conie de- 
Iinitttc in the ajijHannet ot j'eti'chiac Conconii- 
tanth there occurs a ri'e in the heniatocnt which 
alon" with dirext detenninations ot decreased cir- 
cuiatnio xoltinie suijoests tint plasma fluid is leak- 
in" tiir<nit:h damajdid enpill ines into tissue spaces 
As a result the Iileiod [iressnre tails and shock en- 
sues 

These conditions persist durinc: the Htpoteiisnc 
Phase m which death Irotn pntnarv shock ac- 
counted for one -third of all latalities Protcnnina 
is now nnssne and the ttrnian output is irrcgti- 
larh decreased Blood urea mtrotjen rises and, 
with jnssaoe from the Ihpottnsuc Phase the 
ohtpirn jircMousU irrcouIarU manitested, be- 
comes pemnnenth established to mark the tnird 
staifc of the disease 

The elexTted Iiematoent ot tlic IBpotinsnc 
I’hase ins now decreased toward normal at times 
ahniptK hut more iisualK rciiiiiniift one to three 
da\s before it hecomes stahihred at its original 
lexcl Dtiniig this rraiisition Period from tlic 
Hxiioteiisne to the Oliguric Phase, a circnlatorx 
collapse of a nature somewhat difTercnt from the 
‘ prinnrv shock of the earlier period iin\ occur 
in transition shock tlic ohscrx.atioii that total 
scrum jirotciris do not ciniige ns the hematoent 
falls and direct incasurcinents ot an increasing 
circiilntorx xoliimc suggest that fluid prenonsh 
lost to the extrax asctilar spaces is returning 

During the Phase nl Cstahhshcd Ohgurn which 
folloxxs hx jicrtensiem IS conimonlx ohserxed hut a 
more rcmarkalile circulatorx disturbance during 
this period is tlie dcxelopmcnt in certain eases of 
a rclaliK iixpcrxolemn along xxitli Iiemorrhagic 
jihcnoniena during xxliicli the complications of pnl- 
niotnrx edema hemorrhage or coin ulsions max he 
fata! 

\fter ^ to 5 daxs of nlignrn the Diuretic Phase 
begins a dailx out]mt as high as 18 I has been 
recorded During this jihase ahnonii ilities in 
ile-ciroUtc and water balance max dexelnp and a 
condition OI ‘ limited homeostasis he established 
III xxhich se-condarx shock and piihnonarx edema 
iKcur Judging irom the exidence of increasing 
clearances there then follows an mi])rn\enum m 
the renal circulation xxhich gruhnlK re-'iclies nor- 
mal in the following \ eels The BL\ has fal- 
len proteiiuiria leas di-apiK-an d and in the Con 
x-aU-eent Periixl most patunt' after t\ o months 



REKAL LESrOV IN EPIDEMIC HEMORRHAGIC FE V ER 


101 


PHYStOLOGICAL DISTURBANCES IN EPIDEMIC HEMORRAGIC FEVER 



Text Fia 1 Course of Cukical and LABoaATo^^^ Obsernahons 
Sev’ere Eprocinc Hoiorrhacic Fe\‘eb 
M odified from Sheedy and hu associates (1) 


can concentrate their urme to a sj>eafic g^a^^^ of 
I 023 or better 

Text Figure 1 which is a modification of Fig 
ures 2 and 3 of Sheedy and his co-workers (9) 
show-s the chnical manifestations and lalxiratory 
mea'nirements of EHF m graphic form The low 
cst level illustrates the occurrence and relative in 
tensit> of certain pathological phenomena that were 
obseiaed in the kidnc) and will be explained bj 
our later descriptions 

Although as pre\aoush stated the renal lesion 
IS to be described as it dc\ clops m the con5ecuti\c 
clinical stages of the disease the procedure of pre 
senting the mduadual cases lias liccn to arrange 


them in a series based on the ciolution of the 
pathological lesions As tliesc lesions arc of i-ajacd 
nature invohing ^’asalbr interstitial and paren 
clijTnal reactions which ma\ dci^lop at diffenng 
rates of intensit} such a senes can be onl) ap- 
proximate in arrangement 

THE RENAL LESION IN THE FEBRILE AND 
inPOTENSUE PHASE 

(The Prchemorrhagic Stage of Subcorticil 
Congestion) 

Tlie earliest \aew of the renal lesion in EHF 
encountered in this senes was obtained in Case 
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Th\T In 2 C \--F 1^ Uf \TII I\ PK[M\P^ SlKuK PlI \«F OF HfMOKRII \( U PUFlt 

\oti. initnl ri'ixm c to contimiou'< intn\cnous prc 'or thcnp\ but incrcisinp rc(lUl^c^lc^t^ cliirinR cub 
'•(Miucnt lonru. ind dntb niter IS liours obieruation despite 400 cc conccntntcd Iniiinn nllummi PitrcvsmJ5 
nnd adrciuil rortunl c\tni.t Note nl o <ihock at eleventh hour when I nrtcrenol mui'ion infiltrated into 
‘ulicutnncou^ ti'--ue Blooil pre urc could I>c mcasurevl onlv b) paI|>atorj method alter fiftli hour Mnrkcel 
rctroperitnneni edemn uns jire ent at autopw 

Text I'ltrures 2 4 6“ md 0 nnd their legends nre from the Svinjiosium on Piudemic Hemorrlngic Pc 
ver (6) nnd are jiuhlishe'd h\ permission ot author and publisher from the \merican Journal of Medicine 
1<)=4 16 6i; 


aS who (lied on the tourth da\ of his illness 
\iter three (he - of severe headache chills fever 
nausea and vomiting he entered the hospital with 
a teniperatnre ot lOv a blood pres-nre ot 100 70 
Him Hg a 1 -F- proteinuria and a hematocrit of 
per cent Phvsical examination showed intense 
injection ol the conjiinctivac and soft palate Init 
no petechiae were jire-ent During the examina- 
tion he 'iiddenlv vomited and collaji'ed his blood 
pressure lell to 'S 0 mm Hg In spite ot continu- 
ous treatment - including the mtU'ion ot 4 units of 
-eniin alluimm which produced intermittent re- 

- In 1 IS an 1 tl c ca c- whish lollow oalv lluit tl era 
I'culi'' pr X tsl jre las |>cen given lo- which tl ere is tvadence 
t’at I r av p'<x'l e a s rue tirnl alicrali la in tl e l-Klnev 
"j—e’v i' e ad-u ii Iran n o coacentratcsl 1 un an serum 
at's," II (1 i "I = lO"! cc 2s per cent -al jssir serum 
al’a.— a I 'la-s i hv-iMals aho rc\-cive<I vvlo'e hloxl 
r^-v _ cl as e a-d r a''rc-ahii inn fias aad 

-ca aalls Pevtran \ •• rra'v i tl - c ; cla'c- 

t 1-- _-l e' ’ "e •‘Ji 


establishment of blood jiressure (Text Figure 2) 
he expired m shock IS hours after admission 
During this period with a fluid intake of 2S64 cc 
he passed 415 cc of urine the last sample before 
death showed 2 + protein and the terminal BUM 
was 42 a mg per cent 

\t aiitopsv no iietcchiae were jirescnt There 
wns a considerable amount of rctrojicntoneal 
edema lightlv stained with the dve T-1824 that 
had been injected for determination of blood vol- 
ume The kidnevs were not swollen (17a to 200 
gni ) and the jirose-ctor noted that though the cor- 
tex was more sJnrph fliffcrcutntcd from the 
medulla than noninllv there was not the intense 
congestive zone which he was accustomed to find 
as tvpical of Flir There were however, the 
usual hemorrlinges m the right atrium and an ex- 
tensive hemorrhagic infiltration of the interior 
IoIh ot the pitmt irv 

On histological examination the glomerular 
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txifts were essentially normal the capillaries con- 
tained red blood cells in normal numbers and 
there \vas preapitated granular material in Bow 
man s space Cross sections of proximal convolu 
tions m the cortex were lined wntli their U'pical 
epithelium which 8hoA\cd some evidence of apical 
swelling of Its cells (Figures 1 and 2) the cyto- 
plasm of these cells was nonnal The lumens of 
cross sections of ascending Umbs in the medullaiy 
rays and the distal convolutions m the cortex 
were dilated and appeared empty (Figure 2) 

In the subcortical medullary zone were scattered 
areas of dilatation of intertubular •\esscls which 
■were crowded ^vlth discrete red blood cells (Fig 
ure 3) The thm ou times of the intact walls of 
these \essels were clearly evident and there was 
no escape of blood into the interstitial tissue (Fig 
ure 4) In these areas of congestion the epi 
theimm and basement membmnes of the straight 
tubules terminal proximal convolutions and as 
cending limbs of Henles loop though somewhat 
compressed were well presep.ed Tliroughout 
the deeper portions of the medulla were irregu 
larlv distributed patches of mteitububr edema 
but bttle evidence of congestion ind none of hem 
orrliagc (Figure 5) The tubules of the collect 
mg s>stem were normal and contained few casts 
Alicrodissections of the renal tissue showed cs 
sentiall> nonnal configurations in the nephrons 
except for some slight pressure effect on those 
temiinal segments of the pro'umal con\olutions 
and ascending limbs of Henle s loop whicli passed 
through areas of congestion 

Plate I A to F shows a complete nephron 
stained ^vlth iron hematoxylin Apart from the 
localized effects just noted the general configura- 
tions of this nephron are so slightly disturbed 
that It may serve as a control example of the ap- 
pearance of a normal nephron prepared bv our 
technique for companson with the damaged spea 
mens that are to follow In all the preparations 
the intense black staining of the proximal con 
aolution IS the reaction of the mitochondna which 
fill the (wtoplasm of its epithelial cells m decreas- 
ing amount as one departs from the glomerulus 
these cellular organelles no longer exist m their 
ongmal rod like form but apparentl> as a result 
of the maceration in HQ arc resolved into fine 
granules As m histological preparations 
«itained with iron hematox^hn the nuclei do not 


stain heavily but appear as bght round spots on 
the dark background of the cytoplasm except m 
the premitotic phases of regenerative probferation 
when their excessive and hj’pcrchromatic chro- 
matin makes them clearlj Msiblc It should be 
recalled that die tubule is being newed through 
its entire thickness 60 to 70 /t m the case of the 
proximal convolution so that cellular detail is of 
necessity somewhat clouded on the other hand 
this increase in tlie absolute amount of tissue un 
der obsenoition at times permits the recognition 
of c\toplasmic lesions which are not appreaablc 
m thin histological sections Since a fomiliant} 
wath the microscopic appearance of dissected 
nephrons is essential to the recognition and the 
interpretation of tlic alterations that are to lie seen 
in the abnormal spearaens a detailed descnption 
of Plate I will be given 

The glomerulus due to the bulk of its tissues 
shows little cellular detail its size and shape are 
normal howe\er and the relation of the more 
opaque tuft to Bowman s capsule is evident 

The proximal convolution is of nonnal configur 
ation and diameter except m its terminal medul 
lary portion which, passing into an area of con 
gestion m the subcortical outer stnpe of tlie outer 
zone of the medulla is somewhat compressed 
The cytoplasmic pattern is in general well pre 
served the normal mitochondrial gradient is 
shown by the gradual decrease in the mtensih of 
the reaction to iron hematoxylin and the clear 
i-acuolar round nuclei more visible as the inten 
sity of tlie nutochondnal staining lessens arc 
normall) distnbuled in the tubule wall At a 
m Pbte IB the medullary segment of the con- 
volution entered an area of intense intertubular 
congestion which laj just below the cortex Tlie 
tubule 18 definitely narrowed and although its 
cells are in general well preserved shght irregu 
lantics are noted toward the end of the segment 
and a scattenng of intracellular detntus indicates 
some epithebal damage. 

The greater part of the thm portion of Henie s 
loop though successfully dissected and mounted, 
was swept away during tlie process of staining 
(Plate ID) a short remnant, somewhat dilated 
remains (Plate IE) and passes abruptly into the 
thick portion of the hmb which continuing to 
descend forms the loop and turns touards the 
cortex In the area of congestion Kang adjacent 
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to tltL comprc^^cd tcrmtml scj;tn(.iit of the jirox- 
innl contoliition the cclhilnr jnttcni oi the as- 
ccndirifj Iinili i- 'Iightlt di'^nirbetl nnd there ts 
soiite deepK ^ninecl intricelhihr tictntU'- Miote 
this point ond extending Inch into the cortex the 
T'-cending hmh is niodcriteU dihted lt^ celhihr 
components nppcTr esscntnllv nomnl 

The disnl coneoUition ( Phte IP) is much more 
nnd \en iineienU dihted sq tint there is n con- 
sequent pitcln thinning oJ its mil which ncconnts 
for tlie irregiihnti of its ‘snining there ^re no 
cmgiih or costs m its distended lumen The junc- 
tnri oi Its termmol portion the connecting tnhnic 
woth tint ot 0 ncighhonng ne[)hron is not dihted 
Disse-cted collecting tulmlcs from cortex to 
deep mediilh were cntireU nomnl those which 
possid through the oreos of congestion were tin- 
offecteil In the dilototion of the intertiihiihr tes- 
sels which siirroitndcd them 

The nephron shown in Phte I wos topicol of 
those which were ineohed m on oreo of subcorti- 
col longestion ond none of these showed more 
seeere olterolioiis Those winch possed outside 
or he tween the scottered oreos of congestion at o 
rough estimote perhops onc-iialf of oil nephrons 
showed no Msihk obnomnlUics in tlicir structure 
Text 1 igure 3 is o grophic rcprescntotion of o 
renol lolmic from this kidnei Tlie ncjihrons 
shown ire comero lucido troemgs of dissected spec- 
inuiis 'Hue ond the oreos of inlcrtubuhr con- 
gestion ore orronged os the\ were ohsereed to he 
m the kidiKi during the course of dissection ond 
os s,nii! ir sinictiircs and rehtions appeored in his- 
Io!<^gKaI se'ctuuis I or tlie sake of chnt\ onI\ a 
lew ntiilirons are shown and these are widch 
spaced hut otherwise the hgiire presents not an 
mUqiretue diagram hut a reconstruction oi 
aetinlui 

It Is clear tint the architecture of the kidne\ 
uul the lojKPgraphical relation of its constituent 
nephrons hi\e not heeii greath affected h\ the 
va-cnlir di'tnrKanci in the seit)eurtical meeluUa 
The <h! itation of the elistal portions of the nejih- 
ron King m the e<prie\ including ncending limbs 

I lltnlt s k«ip and ch-tal coneohitioiis is lioi - 
eeer detniiic it no 'tnlm^ ( Figure 2 and Plate 

II I , till' (hlatalion was as-oented \ ith a 7one 
o I s’eratp p'e"Ure effect Irooi tin congestion 
!" il swlecomcal medulla i rel ition that ill 


assume greater sigmticance with the progress of 
the renal legion 

* A A tit 

Since the renal lesion^i hecomc iiicreasmgK com- 
plex witii the progress ot the disease a siiinman 
ot the stnieturol findings and a discussion of their 
significance along with a reference to pertinent 
literature will he gnen at the end of each clinical 
period This procedure ma\ make for reiteration, 
hnt will perhaps be less hurdensome to the reader 
than the continuing hack reference to minutiae 
long since described which would lie required if 
cntical considerations were postponed to a final 
conclusion 

The kidncN of tins iiulnidiial in whom defer- 
\csccnce was interrupted he sudden death from 
primare shock ma\ he taken as illustratiec of the 
renal status during the late Pchrilc Phase at its 
passage into the Hepolcnsnc Phase The lesion 
can be hncni summarized There is a marked 
congests c hepcrcmia localized to the subcortical 
zone of the medulla occurring not diffuscK hut 
m irregular patcin areas, with no intcrtulmlar 
hcmorrliage There arc some sliglit localized 
pressure cfTccts of this congestion both of com- 
pression anti dilatation on the tubules of neph- 
rons that b\ cbancc pass through it, but no struc- 
tural CMtlcncc of general cellular damage in am 
of the tubules The tubular passages are clear, 
tbcrc art few casts 

The correlation of tbese structural changes w ith 
the clinical and jilusiological data of the jicriod 
seems reasonable clear, all lints of ceidence in- 
dicate the beginning of widespread disturbances in 
the j)cri])beral \ascular lied which art character- 
ized first h\ dilatation and then In increased ]icr- 
mcahilite of capillaries and \cnults 

In the kidnees the functional effects of these 
distiirlmnces art reflected in the clearance txaim- 
nations of Proeh and McDowell (2) and of Smer 
md Markels (3^ who fniintl not a lessening of 
renal hinod flow as is observed in classical acute 
renal failure but tuber its full nniiitenance or ac- 
tual increase The histological sections show the 
distribution of tins abundant blood flow in the 
conge'tne luptrtmia of (he sulicortical medulla 
To a eoii'ideration (>{ the reason for tins Ifx.aliz^a- 
tion ve 'hall return in a later de'cnpiion of the 
prn^re" of the va'Ciilar lesion \cither liisto- 
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Text Fir 3 A Rtxm. Lobule Feom the E»«.\ H\rorE\siTE Phase of Emiieiuc HESioMnAcic Feteh— 

Case 38 

Excrpl for >omc djUtaUon of tlw dUul conrolutKHU the topORraphj- of the nephrons is nontnl There is an ir 
retniUr inlenie congestion of the subcortical medulla but no intertabalar bemoTThape. ifacmficatwn 18 y 
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Incjicnl ‘•ittioii^ iKir di'-'iction'- showed iniik 
vtriictunl nlttntioii'- in the nephron*: -x finding 
which tnrrtlitC' with the cIiiiictI ob'cnition tint 
tlierc WT- onK n inodemt degree ot proteinnrn 
Tiid eleeition ol BL \ 

It nn\ lie concluded theretore irom hotli the 
‘•tnictuml nnd innctininl (inding" tint the \n'-cu- 
hr hed of the kidnee '«lnre-' in the genenl dntiirh- 
nnee ni the jKripheril circnhtion the chnictl eei- 
denee*- ot which were \nidh present in the in- 
tense flinh of the ‘:kin of the lice ind chest ami 
imicoiis ineinhrinc*; \11 these phenoniem to- 
gether eoiistitiite the first eeidenccs of genenhzed 
(n]>illar\ daimge and in the case desenhed thc\ 
teniiiinted ahnipth in priman shock when plasma 
escajied into the eatraeasciilar sjnees, a plicnoine- 
non indicated In the clinical oh^scnation of a ris- 
iii'g henntoent and eontinncd h\ the pathological 
finding of iinssni. retroperitoneal edema It is 
nolew orthe that the ultimate lesion of eascvilar 
damage was ns eet not dc\ eloped in either the 
skin or the kielnet for neither pete'chne were 
present nor interluhnlar hemorrhage This gra\- 
est ispect of the vascular lesion was however 
present m two arens the right aiincle and the 
anterior hvpophvsis the small vessels of these 
regions are apparentiv peaiiharlv susceptible since 
in even case in tins senes tliev were the seat of 
extensive hemorrhage 

***** 

The renninma: cases of those dviiig in primarv 
shock nnv he considered to have definite Iv en- 
tered the llvpotensive Phase a conclusion siip- 
portcel not onlv hv the evolution of the clinical 
sv inptom itolo'gv hut hv the jirogress of the renal 
It Sinn 

The first ot these Case entered hospital with 
a V — proteinuna 3’. dav s after a tvpical fehrilc 
on-et The next morning the hematocrit rose 
to ol per cent the hlemd pressure fell and the 
jvuient went into sheKk , in spite oi the administra- 
tion ot IJOO cc ot hlood and 3 emits ni scrum 
alhii mil he died in sJioek the morning oi the fed- 
lovvui^ d IV 1 here vvas no e>ral intake of fluid 
aii'l th re was i uriinn output of 7f)0 cc , the 
temuiial teiujKrature va' 106' , the BLN" on the 
el IV l>el<.’-e de ith v ns UiS m^ Jeer cent \t au- 
tO|)-e 1 1 irl ed retrojy nteine-al edema In morrIngc« 
lit' "a^’ -unele md an extensive IniU'irrliagic 


infiltration in the anterior pittutan were jircseiit 
The kidiuvs were swollen their medullac are 
desenhed as “reddish purple” 

Histological examination showed nn intense, 
patehv engorgement of the suhcorticnl zone of 
the incflulla In certain areas the capillaries be- 
tween the tenmnal proximal convolutions and 
ascending limbs of llcnles loop were dilated to 
the diameter of the adjacent tubules and crowded 
with reel hlood cells which in some vessels were 
discrete and in others packed and fused into a 
hv aline mass (1 igurc 6) In sjute of this dis- 
tention the walls of the vessels were not greatlv 
thinned and their intact endothelial cells were 
plamlv visible The tubules surrounded hv these 
vessels were compressed hv the resulting tension 
and their epithelium showed a moderate degrea. 
of protojilasinic ehsturbance 

\ot onlv were the small vessels of the outer 
medulla distended with red cells hut the capil- 
lancs of the swollen glomerular tufts throughout 
the cortex were greatlv dilated and packed with 
red blood cells (Figure 7) There was con- 
siderable precipitated granular material m Bow- 
mans space Between the cross sections of the 
cortical proximal convolutions the intertuhular 
capillaries were not particularlv prominent 
Both the large veins and the arteries of the cortico- 
medullarv junction were, however engorged with 
hlood 

\\ hereas the epithelium of the jiroximal con- 
volutions of the jirevioiislv described case vvas cs- 
sciitiallv nonnal there vvas now jirescnt diffiiselv 
throughout the cortex i definite swelling of the 
epithelial cells and their protojilasin showed ir- 
regular variations in densitv without however the 
occurrence of definite vacuoles Mthoiigh the tju- 
theln! jirotophsm was increased in its grami- 
laritv no lirge discrete hvaline drojilets were 
jire'ent 

***** 

In this iiKlividiial, who died somewhat later m 
the eour-e of the disease than the previous case, 
a definite increase m renal structural ch mge is 
apjiarent The sulicortical congestion is more in- 
ten-e though the excess blood is ejiiite clearlv con- 
tained V ithin the elilated straiglit vessels f>f the 
outer medulla fhere is aho a m irki d congestion 
e>i glome riilar enjiillaries nnd somewhat Ic'S of the 
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logical sections nor dissections showed frank 
structural alterabons in tlie nephrons, a finding 
which correlates with the clinical obsenation tliat 
there was onlj a moderate degree of proteinuna 
and elevation of BUN 

It ma} be concluded, therefore, from both the 
structural and functional findings that the lascu- 
lar bed of the kidnei shares in the general disturb- 
ance of the peripheral circulation, the clinical e\n- 
dences of which were inidh present m the in- 
tense flush of the skin of the face and chest and 
mucous membranes All these phenomena to- 
gether constitute the first e\ndences of generalized 
capillar} damage and in the case descnbed theA 
terminated abruptl} in pnmai} shock w hen plasma 
escaped into the extrarascular spaces, a phenome- 
non indicated b} the chnical obsenation of a ris- 
ing hematocrit and confirmed bi the pathological 
finding of massne retroperitoneal edema It is 
noteworth} that the ultimate lesion of \ascular 
damage was as yet not de% eloped in either the 
skin or the kidne), for neither petechiae were 
present nor intertubular hemorrhage This grai - 
est aspect of the \ascular lesion was, however 
present in two areas, the right auncle and the 
antenor h}poph}sis the small tessels of these 
regions are apparenth pecuharh susceptible since 
in eier} case in this series thei were the seat of 
extensne hemorrhage 

* ♦ * ♦ * 

The remaining cases of those dnng in pnmaiy 
shock ma\ be considered to ha\e defimteh en- 
tered the Hipotensive Phase a conclusion sup- 
ported not onh bi the eiolution of the chnical 
s-\'mptomatolog} but bi the progress of the renal 
lesion 

The first of these, Case 9, entered hospital wnth 
a 3 + proteinuria 3^4 dai s after a t}-pical febnle 
onset The next morning the hematocnt rose 
to 61 9 per cent the blood pressure fell, and the 
patient w ent into shock , in spite of the administra- 
tion of 1200 cc of blood and 3 umts of serum 
albumin he died in shock the morning of the fol- 
lowang da\ There was no oral intake of fluid, 
and there was a unnan output of 760 cc , the 
terminal temperature was 106° , the BUN on the 
da\ before deatli was 16 8 mg per cent \t au- 
topsi marked retropentoneal edema, hemorrhages 
in the right auncle and an extensn e hemorrhagic 


infiltration in the antenor pituitan were present 
The kidne\s were swollen, their medullae are 
descnbed as “reddish purple” 

Histological examination showed an intense, 
patclii engorgement of the subcortical zone of 
the medulla In certain areas the capillanes be- 
tween the terminal proximal convolutions and 
ascending hmbs of Henle’s loop were dilated to 
the diameter of the adjacent tubules and crowded 
with red blood cells which in some vessels were 
discrete and in others packed and fused into a 
h)-ahne mass (Figure 6) In spite of this dis- 
tention the walls of the vessels were not greatl} 
thinned and their intact endothelial cells were 
plainlv visible The tubules surrounded bv these 
vessels were compressed bv the resulting tension 
and their epithelium showed a moderate degree 
of protoplasmic disturbance 

Not onh were the small vessels of the outer 
medulla distended with red cells, but the capil- 
lanes of the swollen glomerular tufts throughout 
the cortex were greatl} dilated and packed with 
red blood cells (Figure 7) There was con- 
siderable preapitated granular matenal in Bow- 
man’s space Between the cross sechons of the 
cortical proximal conv olutions the mtertubular 
capillanes were not particular!} prominent 
Botli the large v eins and the artenes of the cortico- 
medullar} junction were, however engorged with 
blood 

\\Tiereas the epithelium of the proximal con- 
volutions of the prevnouslv descnbed case was es- 
sentiallv normal, there was now present diffusel} 
throughout the cortex a definite swelling of the 
epithelial cells and their protoplasm showed ir- 
regular V anations in densit} w ithout how ev er the 
occurrence of definite v'acuoles 'Mthough the epi- 
thelial protoplasm was increased in its granu- 
lantv, no large discrete h}^hne droplets were 
present 

♦ ♦ * * * 

In tins mdmdual, who died somewhat later in 
the course of the disease than the prevaous case, 
a definite increase in renal structural change is 
apparent The subcortical congestion is more in- 
tense, tliough the excess blood is quite clearlv con- 
tained vvathin the dilated straight vessels of the 
outer medulla There is also a marked congestion 
of glomerular capillanes and somewhat less of the 
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cent on the fourth day reacliing 250 ing per cent 
on the day preceding death 

At autopsy the kidnej s shou ed a moderate 
degree of cortico-medullary congestion Retro- 
pentoneal edema iras present 

On histological examination tlie usual dilation 
of tile intertubular capillaries in the cortico-medul- 
larj^ zone Mas obsen^ed The most striking alter- 
ation M'as an extreme SM'ellmg of the epithelium 
of the proximal convolutions The finely granu- 
lar cytoplasm of the cells appeared as if in- 
flated, resulting m a protrusion of their apices 
into the lumen of the tubule , the brush border M'as, 
hoM ei er, presen'ed, as m ere the nuclei Mfhich M'ere 
displaced tOM-ards the base of the cells This in- 
tense SM'elling of tubular epithelium was sharpljf 
limited m its distribution to the proximal convolu- 
tion, the epithelium of the ascending limbs being 
essentially normal (Figure 10) It extended into 
Bom man s space m Inch m as in part obliterated 
b} the protrusion of the foamy c)1;oplasm of the 
cells of Its panetal layer, the epitlielium covering 
the tuft M’as not involved (Figure 11) No hya- 
line droplets M'ere observed m the altered epi- 
thelium of the proximal convolutions 

♦ ♦ 

The eiolution of the renal lesion as shoMn by 
the deielopment of structural alterations in the 
preceding four cases is evidenced by tMO phenom- 
ena , increase in the intertubular congestion of the 
cortico-medullar) zone and a SMclling of the 
proximal convolutions The latter has the histo- 
logical appearance of an increased hydration of 
the protoplasm of the epithelial cells m Inch reached 
the point of vacuolization 

The increase in subcortical congestion took the 
fonii of a spread m the extent of iniolved areas 
rather than m a progressive dilatation of indi- 
Mdual channels In the less far adianced lesion, 
the groups of dilated mtertubular vessels Mere 
Madeh spaced on a background of less affected 
medulla and had therefore the normal distnbution 
of the horsetail-hke strands of capillaries Minch 
result from the subdnision of each of the large, 
straight efferents from juxta-medullarj glomeruli 
in the loMcr cortex (11) Onginalh forming 
isolated clusters, the addition of more dilated 
capillan radicles at their penphen resulted in 
their fusion to a more or less continuous band 


Mhicli m the end separated cortex from medulla 
The congested zone thus occupied the entire outer 
stripe and extended into the inner stripe of the 
outer zone of the medulla The altered I’ascular 
pattern is therefore that M’hich might result from 
a continuing floM of blood into abnormal mter- 
tubular vessels tliat had lost their tonicitj’ , the 
localized distinctiveness of this pattern muII be 
considered later 

Swelling of tlie tubular epithelium and proto- 
plasmic disturbances in its cytoplasm have not re- 
ceived great attenpon m considerations of the 
patliogenesis of acute renal failure and are fre- 
quently dismissed under the stock description of 
“cloudy SMelhng” with the implication that the 
importance of this at times dubious histological 
lesion IS not great Funck-Brentano has corrected 
this arbitrarj' vieM’ m his thesis on the physiopath- 
ological mechamsms of anuria m the acute neph- 
ropathies (12) In experiments on rabbits, oli- 
guria and anuna were found to follow the infu- 
sion of serum contaimng 50 per cent glucose, 
whereas no sucli effect was produced by infusions 
of serum containing 9 9 per cent NaCl Sections 
of the anunc kidneys showed a marked swelling 
of the epithelial cells of the proximal convolutions 
very similar to the illustrations of the swollen 
epitheha in Figures 10 and 11 He concludes that 
the swelling is due to cellular hyperhydration 
which IS derived as an effect of alterations in the 
osmotic pressure of the plasma, this he demon- 
strates by a corrected freezing point determina- 
tion Similar changes m the freezing point of 
the plasma w’ere noted m human clinical examples 
of the oligunc phase in acute renal failure There 
are no data ai'ailable on plasma osmolarity in 
EHF, but the results of Funck-Brentano’s experi- 
ments m the production of epithelial lesions by 
modification of osmotic factors and consequent 
shifts in hydration of cells are remarkably similar 
to those seen in EHF 

In Case 20 of the preceding group there is noted 
for the first time in our description of the renal 
lesion the occurrence of hyaline droplets in the 
epithelial cells of the proximal convolutions, and 
these objects will be found m many examples that 
follow A consideration of their significance in 
this report w’ould lead to a considerable digression 
We shall therefore onlj state that in our opinion 
these droplets do not represent an effect of the 
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disease processes though these do modify the 
conditions of their formation but rather are the 
result of a therapeutic procedure namely the ad 
mimstration of large amounts of human serum al 
bumim The hyahne droplets are in otlier \\ords 
regarded not as the products of some hypothetical 
cellular ‘ degeneration but as droplets of ab- 
sorbed modiBed protem similar to those which 
form in the cells of the proximal convolutions of 
experimental animals \\hich have been gi\en 
similarly large injections of homologous plasma 
proteins (13) Smee the droplets are therefore 
not considered an essential feature of the renal 
lesion of EHF the data concerning them nnll be 
presented elsewhere m a general discussion of h> 
aline droplet formation in human renal disease 
and Its significance m tlie metabolism of the plasma 
proteins 

t * 

The three remaining cases from the Hypoten 
sive Phase of EHF show increasmg structural 
change of the nature so far described and the de- 
velopment of another aspect of the renal lesion 
that is to assume predominating proportions and 
result m grave renal damage in l7ter stages of the 
disease namely the ill effects of the vascular dis 
turbance on the tubules of tlie nephrons 

Case A developed fever and nausea the daj af 
ter his discharge from the hospital following an 
acute appendectomy from wluch he had appar 
ently reco\ered with an imcventful convalescence 
Two da >5 after rcadmission to the hospital a 
Douglas pouch abscess perforated and drained 
spontancouslj lie then i\ent into shock An 
mtra abdominal hemorrhage iras suspected but 
none iras found on laparotomy Transferred to 
the EHF hospital m shock he rcceued 5 units of 
albumin and other treatment iinth little effect and 
died on the fifth da> He n-as anunc during his 
last hospitahzation his BUN rose to 64 nig per 
cent 

At autops> the kidneys presented the usual sub- 
cortical congestion and the anterior lobe of the 
pituitary Nsns hemorrhagic 

Histological examination showed tliat in the 
renal cortex the epithehum of the conioluted tu 
bules was grcatl) swollen and racuolated resem 
bhng tlic alterations illustrated m Figure 9 
there were few if an\ bralinc droplets in their 


epithelial cells except as the com'olutions ap- 
proaclied the cortico-mcdullary boundaiy In the 
area of subcortical congestion the excess blood 
w-as stall contained wnthin widel} dibtcd capillary 
spaces The straight tubules m this region were 
filled with great numbers of what appeared at 
first glance to be hyalme casts these also ex 
tended upwards m the raeduUan mrs (Figure 
12) Collecting tubules in tlie deeper parts of the 
medulla and papillae showed onl> moderate num 
bers of casts 

The terminal medullary segments of the provi 
mal convolutions which laj in tlie congested sub- 
cortical zone were compressed and crowded to- 
gether though their lumens were irr^ularly 
dilated and filled wnth hyaline material These col 
lections on closer examination did not have the ap- 
pearance of solid casts the great majonty being 
composed of an albuminous fluid which had un 
der the influence of the fixative coagulated in 
bubble like configurations contaimng debns and 
desquamated cells (Figure 13) Tlie epitlielial 
wall lying contiguous to the entrapped fluid w'as 
infiltrated with eosmophihc material its cells 
were disarranged m part desquamated and 
showed pvknotac nuclei The protoplasm of the 
better preserved cells was crowded vnth hy^ahne 
droplets of v-arying size. 

Sinular changes w ere noted in Cose 21 w ho w’as 
admitted with a typical 3-da> history of EHF and 
a temperature of 103® a blood pressure of 118/58 
mni Hg and I 4- protcinuna After an unevent 
ful 24 hours his hematocrit abruptU rose to 59 0 
per cent and his blood pressure fell to 86/64 mm 
Hg wath a pulse of 140 In spite of 5 units of 
scrum albumin and otlier supportive treatment 
he died in pnman shock on the ne\t tkiv the 
sixth dav of the disease 

At autopsy there vns marked retropcntoncal 
edema the kidneys presented the ty-pical appear 
ance of subcortical congestion and there was a 
gross hemorrhage m the antenor pituilarv 

Histological examination showed the usual 
swelling and vacuolization of the proximal con 
volutions in the cortex and scattered areas of in 
tertububr edema similar to those illustrated in 
Figure 8 In the markedly congestetl subcorti 
cal meduUarv zone the icrminal proximal convo- 
lutions and ascending limbs were compressed and 
filled wnth hyaline nntenal and desquamated cells 
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The intact epithelium of provimal comolutions 
w as filled intli h}ahne droplets , these and the en- 
trapped fluid are shown in the dissected speci- 
mens of Plate II Droplet formation was not 
limited to this region but extended throughout 
the entire lengtli of the proximal comolutions up 
to the glomeruli, so that eieiw^ cross section of 
them in the cortex was filled with large Gram 
positive droplets (Figure 14) The mtegrit}'- of 
the cells, e\en when crowded almost to bursting 
w as apparently presen'cd for, w hen \ isible among 
tlie massed droplets, their nuclei appeared normal 
(Figure 15) 

Essentially similar alterations were obsen'ed m 
the kidneys of Case 8 This man was admitted 
with a typical 5-day history' and a temperature of 
103° On the sixth day he went into shock and 
in spite of treatment, including the administration 
of 4 units of albumin m 24 hours, he died on the 
next day His unnary output was 1410 cc , tliere 
w as a 3 + proteinuria 

At autopsy the usual subcortical congestion and 
pituitar} hemorrhage were present The histo- 
logical appearances were ven' similar to those de- 
scribed in the prei lous case hyaline droplets filling 
the cells m cross sections of proximal convolu- 
tion throughout the cortex as w ell as m the termi- 
nal segments where entrapped albuminous ma- 
terial w as concentrated 

* ♦ + ♦ + 

A. resume ma) now be given of the development 
of the renal lesion as it is seen during the first 
week of EHF, a period including the Febrile and 
the H-\potensive Phases of the disease in indi- 
Mdiials where its further eiolution was arrested 
b) death from circulator} collapse Combining 
the ph}siological, clinical and pathological data 
the following would appear to be the course of 
e\ ents 

In the Febrile Phase which initiates the clini- 
cal sindrome the ph^ siological eiidence of high 
clearances indicates that renal blood flow is either 
normal or increased In the transition from the 
Febnle to the Hi potensii e Phase, lanous clinical 
phenomena appear which indicate widespread 
damage to small \essels, capillanes and lenules, 
the intense and increasing flush of the skin and 
mucous membranes and, more certainh widely 
dilated nail bed capillaries detectable b\ micro- 


scopic examination (14) are indications of loss 
of arteriolar tone and vasodilatation It is note- 
wortln that skin hemorrhages in the form of 
petechiae detelop somewhat later A rising he- 
matocnt wathoiit corresponding increase in serum 
protein concentration and the post-mortem flnd- 
ing of T-1824 which has escaped into massive 
retroperitoneal edema are conclusive demonstra- 
tions that plasma is now leaking from the dam- 
aged aessels The abrupt occurrence of a heaity 
proteinuria, whicb m tbe Febnle Phase had been 
insignificant or absent, show's that the renal capil- 
laries as well are involved in this general vascular 
lesion 

Renal blood flow now decreases as indicated by 
a depression of clearances (2, 3) , this ma-\ occur 
independently of general circulatory collapse and 
is exaggerated when pnmary' shock inten'enes, as 
It did m all the cases of this series The result of 
this decreased flow through the kidney is, how- 
ever, quite different in case of EHF tlian it is m 
the mdnidual with normal renal vessels who suf- 
fers a similar circulatory depression as a result, 
sa}, of surgical shock In both instances there 
is one factor m common — the distinctive anatomi- 
cal pattern of the vascular bed m the subcortical 
zone of the medulla , in the kidney of EHF, how- 
ever, this peculiar lascular bed is abnormal since 
the vessels which compose it are both atonic and 
permeable 

The vasculanzation of the medulla has been the 
object of extensive anatomical and functional 
study m recent years The older descriptions of 
the artcna rcctac which supply it from efferents 
of glomeruli in the juxta-medullary zone of the 
cortex have been amplified by the studies of 
Trueta, Barela}, Daniel, Franklin, and Pnehard 
(11) which demonstrate their relatively large 
diameter In extensive anatomical and physio- 
logical experiments. Block, Wakim, and Mann 
(15) have revealed the complexity of the reactions 
that occur in the subcortical zone to various ab- 
normal situations, m particular those of shock and 
related conditions Barrie, Klebanoff and Cates 
hare described this i-ascular bed most aptl} as the 
‘arcuate sponge” (16) and have pointed out the 
possibilit} of free communication b} sinusoids be- 
tween the arcuate arteries, the medullar} network 
and the v eins 

Although there have been some differences m 
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interpretations o! the functional effects of these 
anatomical peculiarities our examination of the 
disturbed renal arculation m the acute renal fail 
ure associated \nth truimatic and toxic mjur) 
(10) agrees m both its expcnmentnl and patho- 
logical aspects uith the more detailed and exact 
studies of Block, Wakim and Mann (15) These 
mv’cstigators point out three constantiv occurring 
phenomena in their \'aned expenments in i\hidi 
the renal arculation was disturbed b} electrical 
stimulation of the renal nenes sudden damping 
of the renal artery injection of substances such as 
epmephnne and tlie reduction b} hemorrliage of 
the mean artenal pressure 1 ) ^\hen renal I’aso- 
constnction operates m a renal \'nscular disturb- 
ance it appears to be limited to the cortex alone 
2) under conditions of sharply decreased blood 
pressure and fiou m the kidnev the medulla ma^ 
become congested e\ en though blood is not flow 
mg through it such an appearance therefore does 
not of necessit) indicate an actual shunting of 
the renal ciradation past the cortex through the 
medulla into the renal \ems and 5) in all situa 
tions, as the blood flou fails it is best presen'ed 
m the cortico-meduUar) rone of the kidne> They 
further point out that from tlic anatomical stand 
point two paths are present for the flow of blood 
into the medulla — the long arttriolce rcctfic and 
the general nehrork of peritubular capiUanes 
which supply the cortico-medullan region WTien 
renal blood flow is reduced most of tlie flow from 
the cortex into tlie medulla is through the pentu 
bular network into the cortico-medullar) region 
with a corresponding decrease through the longer 
aricnolac rccfac which pass to the deeper medulla 
Blood flow niaj therefore continue tnfo but not 
through the cortico-medullar) region under ar 
cumstances m whicli flow is reduced to a mini 
mum elsewhere in the kidne) 

If m the light of these considerations one con 
sidcrs the situation in EHF m whicli after the in 
creased influx of blood of the Fcbnlc Piiase a 
reduction of flow ensues in a renal ^’ascu^a^ bed 
which IS atonic dilated and permeable to tJie cs 
cape of plasma it is e^'ldc^t how and why the 
mtertuhnhr vessels of the medullar\ sponge 
become so mtenich engorgetl witli blood m spite 
of the decrease m RBF which clmractenrcs the 
Hnwtcnsive Phase \s is illustrated in Figure 
6 the contents of the subcortical captllancs be 


come an almost solid mass of entrapped red blood 
cells Plasma which has escaped through the ab- 
norraall) permeable t-essel wnlls is foimd m areas 
of intertubular edema which niaj extend into the 
medulla (Figure 5) and b) means of medullary 
rays into the cortex (Figure 8) 

The effect of these arculaton disturbances on 
the nephrons is alread) apparent m the studies of 
indmduals who died m primary shock In the 
carhest example (Case SS Figures 1 and 2) they 
were so mmimal as to be of doubtful significance 
as a factor in the renal lesion If deatli from ar 
culatory collapse Itad not occurred it is reasonable 
to suppose that a return of renal blood flow would 
ha\e resulted in complete restitution of i normal 
renal status In most of tlie examples of the Hy 
potensu'e Phase desenbed howc\er there wns 
definite and increasing ev^dencc of damage to 
nephrons so tb*vt here again the structural clianges 
and tlic ph\ siological aspects of the renal lesion 
correlate with the clinical indications of a begin 
meg renal failure that were shown in the nse of 
BUN 

The carhest tubular' alterations to develop pres 
ent indeed m slight degree m Case 38 were swclU 
ing and subsequent vacuolization of both the cor 
tical and medulbry portions of the proximal con 
volutions Except for the increase in volume of 
the renal cells and a decrease in the density of their 
cytoplasm wluch reached its maximum in C^sc C 
(Figures 10 and 11) there was no great altera 
tion of their configuration , their nuclei appeared 
normal One might supjiose, therefore that here 
again the renal lesion is reversible. 

Tlic sinnhnt) m apjMnrance of the swollen cpi 
thclium of the Hypotensive Phase to tlie changes 
produced by Funck Brentano bv cvpcninentall) 
altenng the osinolantv of the pLosma has been 
noted WTiereas in his expenments hvpcrhy dn 
tion of the epithelium mav be considered the chief 
factor in the cause of oliguna acting cither directlv 
by luminal compression or indirectly through a 
modification of renal blood flow from increased 
intrarenal tension the relations are less simple in 
the case of EHF Decreased iinnc flow wns ir 
rcgularlv observed during the Hypotensive Phase 
but not the definitive oliguna to be desenbed later 
so liiat madental factors such os variations m 
cardiac output fall m blood pressure, decrea^ m 
vxnal blood flow and consequent glomerular fil 



112 


JEAN OLR'ER AND MURIEL MACDOWELL 


tration ^^ould seem to be alternative explanations 
for the ^anatlon in renal output in the earlier 
phases of the disease 

If the effects of cellular suelhng and the pres- 
sure of engorged intertubular capillanes had not 
greatly interfered vith unne flow through the lu- 
men of the tubule, the} nei ertheless had produced 
their deleterious effect on the integrit}' of the 
nephrons This was apparent in the irregular 
compression, dilatation and entrapment of protein- 
aceous unne and desquamated epithelial cells m 
the terminal medullar} segments of the proximal 
com olutions, as illustrated m Figure 13 and Plate 
II 

In EHF, these tubular changes in the subcorti- 
cal zone are the first evidences of a destructive 
damage to the nephrons which increases to irre- 
lersible and irreparable alterations in later stages 
of the renal lesion 

THE REXAL LESION IN THE PERIOD OF TRANSITION 

(The Incidence of Intertubular Hemorrhage) 

The transition from the Hypotensive Phase to 
that of Ohguna is charactenzed by physiological 
and climcal phenomena which indicate that es- 
caped plasma is returning to the circulation the 
hematocrit falls retropentoneal edema decreases 
and direct measurements of plasma volume are 
higher In spite of these evidences of circula- 
ton recoi er} fatal ‘ transition shock” may oc- 
cur apparentl} due to artenolar dysfunction (9, 
p 695) Eight fatalities occurring under these 
circumstances appear in this senes , all of these 
showed the deielopment of a structural alteration 
pre^ louslv unencountered 

This characteristic lesion of the Transition Pe- 
nod was the appearance of hemorrhage m the 
congested subcortical zone Whereas in the previ- 
ous H-s^potensne Phase the excess of blood was 
contained within greatl} dilated intact intertubu- 
lar vessels (Figures 4 and 6), foci of exudative 
hemorrhage were now seen scattered widespread 
through the area of congestion 

Case 39 was admitted on the fourth da} of his 
illnesb with a temperature of 101°, a blood pres- 
sure of 100/80 mm Hg and a 4 -f proteinuria 
He went into shock shorth after admission and 
remained in circulator} collapse with remissions, 
in spite of 9 units of serum albumin and other 


treatment until his death on the se\ enth da} On 
the fifth day, his hematocrit w as 49 5 per cent 
His unnari output w'as 150 cc the day before 
death and the BUN was 50 mg per cent Cer- 
tain details of his clinical course are shown m 
Text Figpire 4 

At autopsy there w'as only a moderate retro- 
peritoneal edema, the kidne}S showed the typical 
congestion of the cortico-medullar} zone, and 
the usual extensive hemorrhage was present m 
the anterior pituitary 

The general condition of the kidneys w'as an 
exaggeration of what has been obsen'ed m the 
more severe cases during the Hypotensive Phase 
Swelling and epitlielial alteration of the proximal 
convolutions and scattered focal areas of mter- 
tubular edema were present m the cortex (Figure 
16) , entrapment of albuminous fluid and desqua- 
mated epithelial cells was seen m the straight tu- 
bules of the subcortical zone of congestion (Fig- 
ure 17), w'hich, along with irregular areas of 
mtertubular edema, extended into the deeper 
medulla reaching the papillae The ducts of 
Bellini w'ere filled with renal failure casts (Fig- 
ure 18) 

In the subcortical zone of congestion, many 
capillaries, though packed w'lth red blood cells, 
were intact, though the outlines of the vessels 
W'ere still visible, the mtertubular spaces betw'een 
certain tubules contained free red blood cells 

Three other cases, 8, 4 and 27, were so similar 
m their clinical behai'ior and m the nature of the 
pathological lesions found at autopsy that a de- 
scription of them w'ould be needlessly reiterative 
All show ed a somew hat higher elevation of BUN , 
on admission the BUN figures were 27, 49 and 12 
mg per cent, respectively, and on the day before 
death, 117, 117 and 122 mg per cent Proteinuria 
showed a similar increase from 1 -I- on admission 
to 4 4- on the day of death, w hich occurred on the 
ninth da} of illness in the first case and the eighth 
day in the other two 

Case 28, who died of transition shock on the 
tenth da\ illustrates the acme of intensity in the 
renal lesion present in this series He was ad- 
mitted on the fifth day of his illness with many 
petechiae and a 3 -h proteinuria He immediately 
went into shock In spite of teinporar} improve- 
ment under the usual treatment, which included 
the administration of 16 units of concentrated se- 
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Text Fsc, 4 Case 39— Exaupix or Trahsittox Shoce in HiMtusuAnc Fever 
N ote tht dependency o£ blood pressure on pressor tber»py and the relatls-e ineffectiveness ol seruni ol 
bumin therapy despite mintraal increase in hematoent 


nim olbiimm in 72 hours he passed from one blood cells isobited each tubular cross sechon 
episode of shock to another 14 in all to death on from its neighbor The enclosed tubules uere 
the tenth day The hematocrit was 53 5 per cent compressed and distorted and their epithelium 
on the first dav of hospitalisation and 51 3 per necrotic and desquamated so tliat the cbancter 
cent on the daj before death A unnarj output istic cellular pattern of the various tubuhr seg 

of 200 cc. was noted on the first day and less ments was lost (Figure 19) 

than SO cc. in the remaining period Blood urea This mtense vascubr disturbance separated 
mtrogen was 58 5 rog per cent on the day pre- the cortex b> a broad band from tlie deeper 

ceding death medulla it was not however confined to the suli- 

At autopsy only a moderate retroperitoneal cortical zone Extending into the cortex wath de 
edema was ohserv ed , the kadney showed extreme creasing mtensiU as the capsule was approached 
subcortical congesbou and there was a hemorrliagc were extensions of the same extreme congestion 
in the antenor pituitary and frank intertubular hemorrKage (Tigure 20) 

Histological examination showed the suhcorti- In the areas free of congestion and hemorrhage 
cal zone to be the seat of wadespread mfiltrative the epithelial cells of the praximal comolutions 
hemorrliagc the intertubular capillaries which ra showed the usual swcllmg and raaioliEation of the 
examples of earlier stages of the disease were earlier periods in tubules surrounded by infil 
wadeh distended but whose endothelium wns sull trating hemorrhage necrosis of jxirlions of the 

intact were now no longer \asihlc as distinct enure wall including the basement inciubrane was 

channels The fibiallar remnants of tlieir walls apparent (Figure 21) Tlie intact epithelial cells 

hoiici’er could be seen scattcrctl through the ir of the proximal commlutions were crowded with 

regular spaces which denseli packed wath red great numbers of byalme droplets lioth iti tlie 
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cortical comolutions and in those fen terminal 
straight segments m the subcortical zone nhich 
n ere better preserv ed 

Congestion, hemorrhage and tubular necrosis 
also extended deep through the medulla into the 
papillae Straight tubules, including collecting 
ducts, n ere thus isolated and compressed , their 
epithelium and e\en the basement membranes 
were necrotic o\er great stretches of their extent 
(Figure 22) The large ducts of Bellini nere sur- 
rounded by widely dilated vascular spaces and 
scattered areas of hemorrhage, and contained re- 
nal failure casts (Figure 23) 

Dissection of nephrons showed the nature and 
widespread distribution of tlie tubular damage, 
and in particular its topographic relation to the 
subcortical zone of mtertubular hemorrhage 

In Plate III A to D, all that remained of a 
proximal convolution is shown, the degree and 
extent of irregularly scattered tubular disruption 
as obsen ed when a continuous tubule is examined, 
rather than in the interrupted cross sections of a 
histological section, are apparent Beginmng at 
the origin of the convolution, its cellular pattern 
is markedh disturbed as can be appreciated by 
comparison with the more normal convolution of 
Plate I , nuclei are obscured m tlie disintegrating 
citoplasm of the tubular epithelium, which forms 
irregular masses of deeply stained matenal alter- 
nating w ith areas of more lightly stained disrupted 
tubular wall The lesion increases in intensity 
(Plate III, B and C) as the straight segment 
leaaes the cortex and enters the subcortical zone 

Here the tubule thins to a bare basement mem- 
brane which ultimately disappears as its course is 
interrupted by complete disintegration (Plate 
HID) “kn exact determination of the percentage 
of proximal convoluhons thus physically inter- 
rupted was impossible since the lesion consists of 
a gradual attenuation of the tubule in which a few 
fibrillar remnants indicative of its former course 
remain Such remnants are so fragile that they 
cannot be dissected and though in a sense they 
might be considered still existent, they certamlj^ 
can ha\ e none of the functional attnbutes of a tu- 
bule eien the mechanical effect of constituting a 
confining channel for fluid Regarded from this 
simplest of tubular fimctions, only a few intact 
terminal proximal comolutions could be found 
in the zone of hemorrhage 


As pretiousl} mentioned, tlie hemorrhagic area 
formed an almost continuous band between the 
cortex and deeper medulla, and extended to the 
papillae by irregular infiltrations Within these 
extensions of die hemorrhage all tubules showed 
in 1 aqung degree the deleterious effect of pressure 
and anoxia In Plate IV a fairly intact loop of 
Henle lying w ithin the hemorrhagic zone is shown, 
throughout the course of wFich irregular stretches 
of damages are eindenced by cellular detritus and 
the obliteration of nuclear detail, at the bend of 
the loop the tubule is filled wnth a dense coagulum 
which stains black 

Dissected collecting tubules passing through 
the zone of hemorrhage, though they had pre- 
served their external configuration were in great 
part entirely necrotic, showung nothing of the dis- 
tinctive clear cellular pattern which characterizes 
these structures, their luminal space was filled 
wnth debris and densely black stained casts (Plate 

V) 

Returning to a description of the cortex in w hich 
lay portions of nephrons which m relation to the 
direction of unne flow, lay both before and beyond 
the interrupting band of subcortical hemorrhage, 
It w'as evident that the tubules distal to the zone 
w'ere not only much better preserved than the 
severely damaged terminal proximal convolutions 
wduch lay in it, but m general were less severely 
affected than the first portions of the cortical prox- 
imal convolution W'hich led directly from the 
glomeruli 

In Plate VI, the origin of a collecting duct is 
shown w'lth four ascending limbs whicb, passing 
into distal convolutions, 30m by way of connecting 
tubules to form the penpheral origin of the col- 
lecting system All these structures lay in the 
outer cortex beneath the capsule and w ere not in- 
volved by the irregularly scattered hemorrhagic 
infiltration that extended from the subcortical 
zone It will be noted tliat all these tubules are, 
compared to the severe damage illustrated m the 
cortical portions of proximal convolutions (Plate 
III), relatively w'ell presented There is, there- 
fore, as in all examples of acute tubular necrosis 
and renal failure, no preferential damage to the 
“low'er nephron” but rather tlie reverse The 
normal cellular pattern of the ascending limbs 
that he in the cortex is visible although some are 
dilated and contain coagulated matenal and debns 
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Text Fig 6 Case 42 — Example of Fataliti in Se\-ere Primarx Shock 
IK Hemorrhagic Fea'er Despite Coktinlous L-Arterekol Ikfusiok 

This patient wms m severe shock when admitted and blood pressure was 
unobtainable until given both plasma volume expander and an infusion con- 
taming a large amount of L-arterenol Accidental stopping or slowing of 
the infusion resulted m marked decrease in blood pressure Tbe severe 
shock that followed the second episode did not respond to further plasma 
volume expanders or heroic pressor therapj 


The distal convolutions are also dilated, and 
though cellular detail is obscured by the intense 
black staining of the solid coagulum that distends 
their lumens, occasionally a flattened but intact 
epithelium is visible The connecting tubules are 
not dilated and in most instances are free of 
black stained coagula , this dense material appears 
again in the peripheral collecting tubules and, ob- 
scuring cellular detail, fills the remaining portion 
of the collecting duct 

Text Figure 5 show s a reconstruchon of a lobule 
from camera lucida drawings of dissected neph- 
rons, It maj be compared with Text Figure 3, a 
similar reconstruction of the earlier stage which 
show ed so little departure from normal topographi- 
cal relations The important features now noted 
are 1 ) the presence of an irregular band of hemor- 
rhage separating cortex from medulla , 2 ) the ex- 
tension of tlie congestion and hemorrhage to the 
papillae on the one hand and, in diminishing scat- 
tered areas, to the surface of the kidney on the 
other, 3) the interruption by necrosis of the ma- 
jontv of all the tubules, terminal medullary seg- 
ments of proximal convolutions descending and 
ascending limbs — ^both broad and thin — and col- 
lecting tubules, which pass through the zone of 


hemorrhage , and 4) the dilatation with coagulated 
proteinaceous matenal of those tubules which he 
in the cortex distal to the zone of hemorrhage 

The chracal course of Case 42 is show n m Text 
Figure 6 , admitted m a state of shock on the fifth 
day of illness, he died m 10 hours in spite of treat- 
ment that included the administration of 3% units 
of serum albumin and 500 cc Dextran , 400 cc of 
urine were passed At autopsy a moderate retro- 
peritoneal edema was present as well as the usual 
subcortical congestion in the kidney and hemor- 
rhage in the pituitaij' 

Histological examination showed an intense 
hemorrhagic infiltration throughout the cortico- 
medullarj' zone The outlines of the intertubular 
capillaries could not be made out, red blood cells 
filling the spaces between the cross sections of tu- 
bules in densely packed masses Congestion and 
hemorrhage extended deep into the medulla and 
also into the cortex Many of the proximal con- 
volutions m the cortex were filled with hyaline 
droplets, the nuclei of the cells containing them 
were well preserved In the areas of subcortical 
intertubular hemorrhage the tubules were com- 
pressed and distorted and their epithelial walls 
destroj ed 
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The two remaining cases which showed mas- 
sive intertubnlar hemorrhage in the congested 
cortico-meduUary zone and which rvere consid 
ered clinicallj to have died m the late H^'poten 
Bive Phase or m the Transition Period o{ shock 
ma\ be bneflj mentioned, as the renal lesions were 
essentially similar to those which ha\e been de 
scnbed Case 17 survived for 10 days the last 5 
days of which he ivas in more or less continuous 
shock in spite of mtensue treatment which in 
eluded the administration of 12^^ umts of serum 
albumin during the last 4 days Dunng this penod 
he passed 190 cc of unne it is of interest that his 
unne had been free of protein dunng the Febnle 
Phase until the fifth da^ when with the onset of 
the H}TX)tensive Phase it suddenly showed a 4 + 
proteinuna 

Case 1 ivas admitted on the fifth day of illness 
wnth a blood pressure of 90/60 mm Hg and died 
the next morning m shock Two units of serum 
albumin were given with a total fluid intake of 
1500 cc his unnar^ output was 390 cc 

The structural changes were essentially siroihr 
in these two cases Intense subcortical latertobu 
lar hemorrhage was present ivith extension into 
the papillae and less to the cortex with tubular 
destruction not only in the medullan zone but 
scattered irregtilarly throughout the cortex and 
deep medulla. In the individual who had received 
12^ umts of human serum albumm the cells of 
the better preserved convoluted tubules w ere filled 
with droplets these were present but sparse in the 
other who liad been given 2 units 

♦ * 

Since the j>enod covered b> the group of cases 
3 ust described is b\ definition transitional from the 
Hypotensive to the Oliguric Phase i discussion of 
the structural findings can be postponed until the 
full development of the renal lesion m the next 
penod has been given. An important correlation 
behieen chnical and patliological aspects should 
be noted in passmg as the clinical phenomena re- 
quired the special recogmtion of an intenm be- 
tween two major pluses in the term Transition 
Penod so the finding of a distmctue structural 
element intertubukir hemorrhage sets tins penod 
off pathologically in the ciolution of renal lesion. 
There Ins been no need for such a subdmsion in 
dcscnptions of general Acute Renal Failure for 


no such structural distinction in tlie form of sub- 
cortical hemorrhage occurs 
As ivill become apparent when the functional ef 
fccts of this new deiclopment are desenbed its 
importance m the ulbmate fate of the kidne\ as a 
collocation of nephrons is cnticall} detenrunatii e 

THE RENAL LESION IN THE PHASE OF ESTABLISHED 
OLIGtHHA 

(Infiltratiie Intertubular Hemorrhage and Stasis 
Tubular Necrosis and Intrarenal 
Obstruction) 

Intertiibular hemorrliage resulting from mcreas 
mg congestion that proceeds to ultimate stasis in 
damaged terminal vessels is not b\ the nature of 
Its origin a sudden event but a gradual infiltration 
that dciTlops at varying rates depending on the 
sc\ent> of both congestion and \'ascular damage 
It IS not surpnsing therefore to find its structural 
and functional effects spread over three phases of 
the renallesion the late Hj-potensne theTransi 
tion Penod and the Ohgunc Phase 
Ten cases each of whom died on or between the 
eighth to cleienth cla\s presented the clinical cliar 
actcnstics of an established oliguna and showed 
the full dcielopment of the renal transformation 
of EHF The physiological disturbances in par 
ticular the detail of fluid balance, of a tj'pical ex 
ample Case 23 are showm m Text Figure 7 All 
cases showed the lesions which have been noted 
aboie m our dcscnption of those who died in late 
pnniaiy or transition shock t c a subcortical zone 
of intertiibular congestion and hemorrhage ivith 
extension of both to the deep medulla and in lesser 
degree to the cortex, wnth tubular disruption of 
those portions of nephrons which were included 
m the affected areas 

All ten cases showed in addition howc^e^ an 
added stnictunl change which characterized the 
Phase of Established Oliguna patliologicall} 
nanieK a marked dilatation of the cortical tubules 
of the nephrons This is illustrated m Case 31 an 
indiMdual who entered hospital on the fourth daj 
of his illness went through tlie Hvpotcnsue Phase 
with shock for which he receiicd 2 uruts of albu 
min and passed into the Ohgunc Phase in which 
he died on the clc\cnth da\ with a liU\ of 184 
mg per cenL His fluid intake dunng the la*it fue 
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Text Fig 7 Case 23 — Exasiele of Death in Seconder! Shock During Oliguric Phase of 

Hemorrhagic Fei’er 


Primarj shock on fifth da) during H)potensne Phase was mild Subsequent slight increase of hemato- 
cnt was presumabl) due to deh)dration rather than to continued capillar) leakage of plasma On the seventh 
da) the patient dei eloped right low er lobe pneumonia and lu-perp) rexia that precipitated shock not respon 
si\e to therap) At autops) charactenstic findings of hemorrhagic feier were present, although there was 
no retropentoneal edema In addition a patchy pneumonia chiefl) m the nght lower lobe w’as noted. 


dats was 4184 cc and his unnart output was 360 
cc 

Histological sections show ed a w ide dilatation of 
all tubules in the cortex In the case of the dilated 
proximal com olutions, the distention reached 
Bow man s space w ith a resulting compression of 
the glomerular tuft (Figure 24) Xot onh those 
portions of the nephrons hing proximal to the 
zone of medullan hemorrhage w ere distended but 
the cortical ascending limbs and distal comolu- 
tions the latter containing cellular debns, were 
also dilated The relation of this tubular dilatation 


to the compression of the subcortical zone of 
hemorrhage is shown in Figure 25 

The effects of the dilatation of all the cortical 
portions of the nephron are showm in dissected 
specimens in Plate VII A to D The wide lumen 
of the proximal comolution is clearl} apparent 
throughout its entire length, as can be seen by 
comparison w ith Plate I , the stretching of the 
epithelial wall increases the space between the nu- 
clei, and so exaggerates the cellular pattern The 
epithelial cells are, howeier fairl} well preserved 
As its terminal segment approaches and enters the 
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subcortical region of congestion it narrow s to one 
third Its previous diameter and is lost m the inter- 
tubular hemorrhage A portion of ascending hmb 
and the distal con\oIuUQn from the cortex which 
was onginall) entwined with the dilated proximal 
and w hich was therefore known to be the continu 
ation of the same nephron show an equal dilata 
tion there is some dark stained material in tlie 
distal convolution 

In Case 25 there was more than the usual ccllu 
iar damage m proximal comolutions and tvi 
denccs of beginning repair were MSible both in 
regenerative mitotic proliferation of epithelium 
(Figure 26) and m the ingrowth of interstitial 
granulation tissue into the disrupted tubule !u 
mens Case 41 showed somewhat less dilatation 
of the lumens of the cortical tubules and scattered 
areas of mtertuhular edema (Figure 27) The 
rcmaimng cases showed the gencnl picture of 
cortico-meduUary hemorrhage and dilatation of 
cortical tubules abo\c it but added nothing further 
towards the eluadaaon of the renal lesion 

* « « * * 

It IS in the Phase of Established Ohguna that 
tlie structural and functional lesions of EHF reach 
the height of their c^olutton When the structural 
changes in tlie nephron are thus full) established 
the) appear to constitute an irre\ersiblc status 
for though a kidne) of sorts might rvoHe from 
those nephrons which fa) the fortunate arcum 
stance of their location liad escaped the effects of 
congestion and hemorrhage the reconstitution of 
nephrons wIkjsc middle half has been dcstro\ed 
would seem impossible We shall see m later 
descriptions that the attempt is made but the ap- 
propriate anastomosis of four fra) ed ends of fragile 
tubule lying loose m a mass of interstitial hemor 
rhage under considerable pressure is on the alieer 
basis of prohabiUt) unlikely c\’en when the po- 
tentialities of repair arc present It wxmld seem 
therefore, that the renal lesions we ha\*e seen in 
tlie fatal cases of estabbshed oliguna could not 
ha\c existed in simibr quantitative relations m the 
great majont) of tho'^e suffering from EHF for 
the) survived and went on to eventual recover) 

In the earher stages of tlie s)'ndromc tubular 
damage was evident in the general swelling and 
vaaiolization of the cpUhcbuni of the proximal 
convolution whereas in tlic Transition Penod and 


Ohgunc Phase the tubuhr allention consists of 
localized ph)sical disruption the two lesions are 
therefore quite different m their structunl aspect 
Though the earl) epithelial changes arc of the 
sort that have been dassicallv denved from toxic 
action there lias been no demonstration of a 
toxin m EHF other tlian the hvpothetical sub- 
stance which acts on the small blood vessels Dis 
tnrbanccs of circulation however arc clearh visi 
blc at this tunc so that it seems reasonable to ac 
cept them as the cause of the earl) epithelial 
damage 

Structural interruption of the nephrons mvxiUes 
proximal comolutions ascending and descending 
limbs of Henlc s loops and collecting tubules mdis 
cnminatcl) The damage is confined to tlie areas 
of congestion and hemorrliagc, and so lies chiefly 
m the medulla but is also present extcnsivel) 
throughout the cortex when the circulatorv dis 
turbance lias spread to this area Here again it 
would be difficult to explain this random distnbu 
tion in terms of tlie direct action on the renal epi 
thelium of a nephrotoxic poison derived hvpo- 
iheticall) from the infectious agent of the disease 
Tlie histological appearance of the epithelial lesion 
IS also not that of ncphrotO'*ic damage m which 
epithelial cells absorbing tlie poisonous sulistance 
die and desquamate within a tubule still maintained 
b) an mtact basement membnne Tliere lias oc 
curred rather a disruption of the entire tubule 
wall the tubulorhexjc lesion chanctenstic of the 
kidnc) of Acute Renal Failure (10^ The m 
fcrence seems certain therefore that tlie tulmlar 
lesions of EHF both carlv and late arc the re 
suit of arculator) disturbances This conclusion 
docs not of course rule out the pnmac) of an 
infectious agent or its products as the cause of the 
vascular disturbances for recent expenments b) 
Thai (17) m the production of iMlatcral cortical 
necrosis In means of staph) lococcus toxin show 
how this ma) be produced m the ktdncv and so 
result indirccth m extensive tubular damage 
There are man) simihritics between the nature 
of the tubular lesion m his experiments and what 
IS seen in the bdnev of EHF the differences m 
topographical distribution seem less important 
for ns Thai points out cortical necrosis'" is not 
so restneted as the dcscnpluc term would sug 
gcfcl nor arc the tubular lesions of EHF limited 
to the medulla 
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There is enclence that the circulaton disturb- 
ance acts on the tubule bj means of t\\ o deletenous 
forces, the first, and perhaps less important, is 
physical pressure, and the second is anoxia fol- 
lowing the congestive stasis and the infiltrative 
mtertubular hemorrhage -which has produced a 
cessation of arculation in the imolved areas 
Endences of pressure, espeaally on the more 
sensitne proximal convolutions, were seen in the 
earliest stages of the renal lesion where there was 
only a simple and moderate congestion of the 
terminal vessels of the subcortical zone With an 
increase m vascular distention the effect of in- 
creasing mtertubular pressure was evident in the 
compression and consequent entrapment of pro- 
teinaceous fluid in the lumens of the terminal 
proximals that lay in the involved area (Figure 13 
and Plate II), and its final effect is demonstrated 
by the mtrarenal hydronephrotic” tubular dila- 
tation which ultimately develops in the definitively 
oliguric kidneys (Figure 24) This dilatation in- 
volved all the tubules lying in the cortex above 
the subcortical zone of pressure and included not 
only proximal convolutions which are, m regard 
to the direction of unne flow' proximal to the 
zone of compression in the medulla but also the 
distal comolutions, cortical ascending limbs and 
penpheral collecting tubules w'hich he distal to it 

Tlus apparent paradox of postobstructional dila- 
tation arises from current misconceptions of the 
topographical arrangement in the human kidney 
of nephrons of varj'ing length In most diagrams 
(Peter, 18, Figure 63) two types of nephrons are 
showm short-looped and long-looped, both of 
which pass through the outer stripe of the outer 
zone wluch m EHF is the zone of hemorrhage 
If this were an accurate and complete picture 
of the human kidney, the distal convolutions and 
collecting tubules w ould be cut off from the source 
of glomerular filtrate and could not dilate As a 
matter of fact the human kidney contains a lery 
considerable number of nephrons similar to those 
shown in Peter’s diagram of the pig’s kidney ( 18) 
w Inch turn w ithin the cortex and never reach the 
medulla An example is giaen in our Plate VIII, 
\ to C, man} hare been shown elsewhere (19) * 

* Work in progress in this laboratory on quantitatise as- 
pects of tile morphology of nephrons shows that their 
classical subdivision m the human kidnes into two arbi- 
trarv groups of long-looped and short-looped neph- 


In a kidney with a zone of subcortical obstruc- 
tion glomerular filtrate can therefore flow' through 
umnterrupted cortical nephrons to the point of 
ongin of the collecting system (cf Plate IX A) and 
from thence to all distal portions of the neighbor- 
ing nephrons which are connected with it, even 
when they have been shut off from their normal 
source of filtrate by the zone of medullary hemor- 
rhage This retrograde flow is in fact favored by 
the obstruction in the lower collecting system 
W'hich itself passes through the obstructing zone 
of hemorrhage 

The question may be asked why then do not 
all kidneys which suffer extensive disruption of 
their nephrons, such as, for example. Case 28 of 
the Transition Penod, show extensive tubular 
dilatation m their cortices The answ'er would 
seem to be that for dilataPon to occur there must 
be an adequate source of filtrate , a comparison of 
Figures 20 and 24 suggests that m the former 
case the extreme cortical congestion and hemor- 
rhage IS incompatible with a sufficient glomerular 
arculation and consequent formation of filtrate 
Thus a lesion which interrupts tubules m the 
medulla yet spares the arculation m glomeruli is 
necessary for the development of the tubular pat- 
tern observed in the Phase of Established Ohguna 

The discussion of these minutiae concerning fluid 
flow in damaged nephrons would seem to warrant 
attention not so much for an importance inherent 
in their functional effect — for in both the situations 
described above urinary output was similarly les- 
sened — but as illustrating how the same or simi- 
lar pathological processes can by vanation in their 
temporal or spatial relations modify or even 
cliange the direction of the evolution of the renal 
lesion In the examples ated it was a spatial re- 
lation , in the ensuing Phase of Diuresis it is tem- 
poral In any case, the simple statement that this 
lesion or that is present m a section of kidney 
is meaningless as a description of the structural- 
functional renal status 

The structural evidence of physical impedance 
to the flow of unne through the nephrons is of 

rons IS a considerable and, as in the present case at times 
misleading oi ersimplification Our findings show that 
the loops of nephrons are indeed of varying length but 
that this I'ariation can be described by a normal fre- 
quency distnbution curve rather than by absolute cate- 
gones in short, some loops are longer than others 
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interest to others m addition to the theoretical pa 
thologist The clinical observers who noted %’an 
mg degrees of reduction m unnarj output in the 
earlier Hypotensl^c Phase recognized the distinc 
ti\e and defimti\e character of the ohguna which 
ensued in the later penod and so designated it to 
the Phase of Established Ohgurui The stnictural 
findings show that the distinction is real since it 
IS based on a difference m causal mechanisms 
In the earlier H}'potcnsj\e Phase no structural 
lesion other than ciudences of disturbed arculation 
was present in the kidncj to account for decreases 
m unnary volume and it is therefore reasonable 
to suppose that factors such as vanations in tis 
sue hj'dration, cardiac output renal blood flow and 
glomerular filtration were responsible for this 
Venable ohguna In the later pliasc what cs 
tablished tlie ohguna is dead) evident m the 
compression and destruction of tubules and the 
obstrucbonal dilatation of nephrons that followcd. 

Of greater importance than pressure effects in 
the production of tubular damage is the anmaa 
that results from the stagnation and cessation of 
blood flow m the wadel) dilated and abnonnal!} 
permeable intertubular capillanes of the sub- 
cortical zone It would appear hkel) that the 
blood IS moving with some ifficultj under such 
arcumstances as are shown m an earlier penod 
in Figure 6 where crowded red blood cells are 
packed to a solid hj'alme mass Any doubts that 
drculation maj cease entircl) under these condi 
tions hav'c been answered bv the conclusive ex- 
penmental demonstration of Thai (17) who m 
jected India ink into the general arculation of the 
hnng rabbit wnth an analogous renal stagnation 
h} 7 >cremia and found that it did not penetrate 
into v-ascular channels which were similarlj dis- 
tended and packed with red blood cells The 
further evolution of the congestive lesion m EHF 
through diapedesis to frank, diffuse mtertububr 
hemorrhage ends therefore, m stasis 

Under the conditions here described wt are 
dealing with what Rick-er m his classical stud> of 
the nature and effects of local arculatory disturb- 
ances (20 p 96 ct seq ) would have called rote 
stasis, and from the late irreversible stage of this 
rubrostasis he would have derived the Seques- 
tntionsnckrosc that interrupted the course of the 
ncplirons It is of particular interest m our prob- 
lem that in his examination of these effects m 
vanous tissues and organs he chose m the case of 


the kidnc} the necrosis that is produced expen 
mentally by injection of vimlamin This toxic 
agent differs from other renal poisons b\ produc 
mg necrosis of tubules in the medulla rather than 
m the proNimal convolutions of the cortex 

Rick-er points out tliat the lesion of vnnylamin 
poisoning begins m the papilla wnth a prastatisch 
hv'pcremia followed by diipedcsis of red blood 
cells, and progresses to Stasis” and eventual 

Dauerstasis The vascular disturbance in his 
ex*penincnts extended to the subcortical rone and 
in one instance to tlie cortex with resulting ne 
crosts of tubules in tlie involved areas His con 
elusion that the tubular damage cannot be the re 
suit of cither a functional secretion or absorption 
of the poison bj epithelial cells as was suggested 
bv Oka (21) or due to specific affinity for the 
poison as Levadib (22) assumed has been con 
v-inangly confirmed by subsequent evidences that 
proximal conv'olutions Henle s loops and collect 
mg tubules cannot be considered functionally 
similar hence it would not seem Iflcely that they 
should all absorb a poison similarl) or much Jess 
be given to the same affinities We can accept, 
therefore Rickers ex“pbnation that the tubular 
necrosis is a phenomenon of ischemic seques- 
tration due to the anoxia of the vascular disturb- 
ance • with his broader conclusion that local ar 
colatory disturbances arc mediated through the 
nervous system we need not here be concerned 

THE REXAL LESION IN THE PHASE OF DIiniLSIS 

(Intertulnilar Hemorrhage Tubular Disruption 

with Evidences of Resolution Regeneration 
and Repair) 

The remaining cases m this senes show struc 
tural changes that should be considered as illustm 
bve of the effects of the passage of time on the 

® Ricker aUo comparts the action of vinylamin with 
that of mercury which damapef the proximal coovolu 
Uont tlus effect he alw derives from arcahtory disturh- 
ances and not from direct nephrolaxic action on the epi 
thelmm. Here, modern studies hijtochcmical and phar 
macologicai do not support hij contentions, thouRh it 
should be noted that he anltopaied a later demonstration 
(JO) that the vascular dement of ischemia maj plaj 
on important if subsidiary role m the production of tubo 
Ur damage (tubalorbexis) m renal lesions of poisoninj: 
A recent studj bj Lmdetlrd and Lofpren (23) has con 
firmed and extended tliese obstnalions by dcmonstratinj; 
on fireguiar cortical ischemia not on!) m the anurfe 
pliase of mercunc poisoning but also m its diuretic phase. 
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full} de\ eloped lesions of the Oligunc Phase rather 
than as representatu e of the exact picture of the 
Diuretic Phase obsened b\ the clinician during 
the reco\ers of the great majont} of his cases 
If the indnidual in the Oliguric Phase does not 
die of secondar} shock, dehydration, electrolyte 
imbalance or infection b} the eighth to tentli days 
but sun’nes another week or two the processes 
of resolution, regeneration and repair, as in all 
pathological complexes, begin their automatic op- 
eration A. part of these mechanisms of restitu- 
tion IS the functional phenomenon of diuresis 
As the pathologist sees them, the progress of these 
processes, eien if in the nght direction, is blind 
and in the end futile, and the individual dies of a 
renal failure often obscured by some complication 
such as the infection of a bronchopneumonia, the 
h}'perkalemia of electrolyte and flmd imbalance, or 
a cerebral accident It W'ould seem unlikely that 
these complications can be merely incidental to the 
renal lesion, but ratlier it seems that in some man- 
ner, either directl} or indirectly, renal msuffi- 
cienc} IS the basis of their development , for in all 
the examples studied, though the complications 
were \anous the renal lesion with its grave 
structural damage and evidence of functional m- 
adequac} in a BUN elevated at times to over 400 
mg per cent w as constant 

WTiat happens then m the great majority, 95 
per cent of all cases of EHF has not been seen, 
the descnption of the typical kidney in the sum- 
lor must therefore be deduced and reconstructed 
on a hvpothetical basis and will be further con- 
sidered in our discussion 

★ * ^ + 

As happens not infrequently in the descriptions 
of passage from one phase of a disease to the next 
our first case, D, might well ha\e been classified 
as an example of a renal lesion at the end of the 
Oligunc Phase, he survived, however, 15 days 
and as the unnars output, though continuing low% 
increased somewhat on the last daj but one of his 
life the descnption was clinicall} placed under 
the title of tlie Diuretic Phase and wall be here 
so considered As wall be seen, there is no eai- 
dence of restitution of disrupted nephrons and in 
general the renal lesion resembles that observed 
in the prevaous phase 

This patient was admitted on the fourth da} of 


his illness wath a tvpical histor} of the Febrile 
Phase The next dav he abniptly developed a 4 -P 
proteinuna From the seventh to the tenth da} he 
was in the H}'potensive Phase wath repeated 
shock tliat responded poorly to treatment, an es- 
tablished oliguria followed but the urine volume 
increased from around 15 cc in 24 hours to 250 
cc on the da'v before his death On the twelfth 
day dial} sis by the artificial kidnev reduced the 
serum K from 6 9 to 4 2 mEq per L but the pa- 
tient lapsed into coma, his temperature rose and 
coughing w ith bloody purulent sputum developed , 
a bronchopneumoma was confirmed by X-ray ex- 
amination On the day before his death, tlie fif- 
teenth dav of illness, the BUN was 484 mg per 
cent 

At autopsy the kidneys weighed 300 gm and 
showed the typical and fully developed lesion 
of subcortical congestive hemorrhage with deep 
medullary involvement There was a bilateral 
bronchopneumonia with multiple small abscesses 
containing Gram positive cocci, scattered hemor- 
rhages m tlie nght atnum gastrointestinal tract, 
the cerebral hemispheres and pons and the an- 
tenor pituitary 

Histological examination showed that congestive 
hemorrhage was extreme m the subcortical zone 
and had extended irregularly and deeply into the 
medulla, reaching the papillae (Figure 28) In 
the outer zone there was an almost complete de- 
struction by necrosis of all tubules contained in the 
areas of hemorrhage and these, coalescing, sepa- 
rated cortex from medulla (Figures 29 and 30) 
Extending downward into the infarct-hke area of 
hemorrhagic infiltration could be seen w’lsp-like 
unonented remnants of straight tubules , their 
W'alls were disrupted and in great part bare, but 
scattered along the denuded basement membranes 
were huge, atypical nuclei with intensely stained 
chromatin (Figure 31) Mitotic figures were fre- 
quent The intensity of this excessive regenera- 
tive proliferation distorted the tubular configura- 
tion so that It was impossible to accurately identify 
the parts of the nephron concerned m histological 
section 

In the cortex the charactenstic dilatation of the 
Phase of Established Ohguna was still present 
(Figure 32), imolving Bowman’s space and both 
proximal and distal convolutions, it will be re- 
called that in this patient s “diuresis” onl} 250 
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cc, per 24 hours was draining from the renal tu 
bules The epithelium of the proximal con\olu 
tions was not onl) thin but cellularlj at)’pical its 
nuclei uere not round but oval and ^cre irregu 
lari) distnbuted in the tubule wall m some phccs 
forming islands of excessive proliferation (Figure 
33) the appearance was that of a regenerated cpi 
thehum Moremer the tubules were more widelj 
spaced than normal (f/ Figure 1) and the inter 
stitial tissue was infiltrated \nth mononuclear cells 
and fibroblasts The glomerular tufts were large 
wnth widel) dilated capillaries that contained dis 
Crete apparentl) arcubting red blood cells 
The topographical aspect of the lesions just de 
scribed is shown in the dissected nephrons Plate 
VIII \ to C shows a complete comcnl nephron 
wnth a short loop that did not extend into the sub- 
cortical rone of intertubular hemorrhage and is 
therefore unmtemipted As m all examples of 
acute renal failure associated wath traumatic and 
toxic mjur) the tubule is damaged from glomeru 
lus to collecting tubule As is usual the damage 
IS more severe m the proximal convolution than in 
the so-called lower nephron consisting of scat 
tered areas of tubulorhexic disruption wnth the 
lumen containing desquamated epithebal cells 
Where disruption has not occurred the ivall ts 
composed of a hea\nh stained irregular!) thin 
layer of atypical regenerated epithelial cells quite 
different from the plump evenl) contoured cells 
of the normal tubule (cf Plate I) The transition 
to the loop of Hcnlc is abrupt and there is ns m 
all cortical nephrons only a suggestion of a thin 
portion From here on through the loop and as 
cendmg limb and distal conxolution the tubule 
is greatl) dilated with dear tubule fluid and con 
tains desquamated cells and debns As is so 
often the case the short connecting tubule is less 
distended 

Plate IX \ to C shows the penpheral collect 
mg S)8tcm from its origin m n junction of con 
necting tubules of fi%'e nephrons that la) beneath 
the surface of the kidnc) to its destruction m the 
hemorrhagic zone of the subcortical medulla 
The connecting tulmles of 9 nephrons m nil filled 
with l>hck stained material tliat obscures their 
epithelial pattern join to form a collecting tubule 
which is empt) In mam instances the coHccting 
tubules contained similar material I«it this oc 
ccptional example wns chosen for illustration be- 


cause it shows the ccllukir pattern more clearh 
It wall be obsened tint the epithelium is not 
disturbed until the proximit) of the subcortical 
zone of hemorrhage is approached scattered par 
tides of cellular debns then appear m increasing 
numbers until in tlie substance of the hemor 
rhagic zone, a complete necrosis and coagulation 
of the entire tubular wnll is c\ idcnt The tuning 
fork juncture with a neighbonng collecting tulmle 
which is simibrl) affected is well shown below 
this point the single common duct contains bbek 
stained matenal The appearance on lustologica) 
section in other cases of similar complctd\ ne 
erode collcchng tubules winch ha\e ne\erthdess 
maintained their external configuration is shown 
m Figures 22 and 29 Tlic general ardutectuni 
pattern of the k^dne^ is shown m Text Figure 8 in 
a reconstruction of the renal lobule composed of 
camera lunda tracings of dissected nephrons 
In Case 43 a frank diuresis had been established 
for the bst fi\e da\5 of the patient s life and the 
renal lesion has special interest because of nil the 
examples of this phase of the disease that came to 
autopsy in this one alone resolution of wliatevcr 
sfniciun? danmge had occurred had reached at 
least the point at winch one might imagine a diancc 
of cienUial functional restitution to l>c possible. 
The resulting kulne) of such a problematical 
restitution would howT\cr ha\’e been se\’eTel> 
defiaent in its resene' of nephrons 
The patient entered hospital on tlic third da) of 
his illness m the Febnle Phase wath a temperature 
of 103 6 and on the fifth da) went into trpical 
shock of the H)potensi\e PhaM with the hemato- 
crit reaching 66 per cent With appropriate treat 
ment he passetl through tlus episode to the Ohgu 
nc Phase, m which his a\'erage daih unnai) out 
put was approximateh 100 cc, with a BUN nsmg 
to 280 mg per cent His blood pressure also 
rose (1/0/106 mni Hg) and the h)'pcrToIemtc 
s)iidrome accompanied b) 5 comnilsions fol/ov^ed 
Dail) unnar) output increased rather ilirupti) m 
34 liours on the twelfth da\ from 190 to 1000 cc. 
and reached 4600 cc the da^ before his death 
Dunng this terminal period be presented the diffi 
cult problem in water and clectroI)4e bafance of a 
limited homeostasis lilostrated m Text Figure 9 
so that tlie margin Ijetween deh)’dration mth the 
threat of sccondai) shock and ample ludradon 
with impcndingpidmooaj) edema was represented 
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Tot Fig, 9 Case 43— Example of LmiTED Homeostasis Dumnc Diuretic Phase of Hexiorrhacic 

Fever 

These observations were made on fourteenth and fifteenth days of illness Death occurred on the slxtccnUi 
day 24 hour* after study The patient was very dehydrated at the start of tlic observabom having been 
In negative fluid balance for many day* Note the respon»e of shock and blood presiure to increaied fluids 
between the eleventh and fifteenth hours. Also note decrease in blood pressure between the thirtieth and 
thirty fifth hour* when output was alIo%ved to exceed intake. Pulmonary edema occurred m last period 
when intravenou* fluids were increased even though net balance was just barely positive during this time. 

(Note Right hand columa bottom line m 30 to 35 hour box should be cross hatched.) 


by a net negative fluid balance of 600 cc During 
episodes of hj'potension and shock the diuresis dis- 
appeared and urinary output Nvas at oligunc lev 
els to nse again to 4000 cc when artenal pressure 
was restored by nor adrenalin The last BUN 
taken the day before lus death had decreased to 
173 mg per cent and there was onlj a trace of 
protein in a unne of 1 011 specific gra\nty 

At post mortem there w'as found a confluent 
bronchopneumonia hemorrliagcs in the right 
atnum cerebral hemispheres and basal ganglia, 
and in the anterior pituitary The gross appear 
ance of the renal lesion is summarized in the au 
topsj protocol as loivcr nephron nephrosis 
slight 


Histological examination showed a marked con 
trust to the pattern of a general dibtation of all 
cortical tubules seen m the prenous stage of es 
tablished oliguna the lumens of the proximal 
convolutions and other cortical tubules were not 
mdcl} dibted but contained some granular rna 
tcnal as did Bowman s spaces of glomeruli which 
were othennse normal (Figure 34) The proxi 
mal comolutions were lined wnth an epithelium 
of the onginal normal tj-pc there was little cn 
dcncc of an> rcgcnerati\c renewal of cells such as 
the irrcgulanij m tliickncss and nuclear size and 
shape and staining afflnit) that charactcrued the 
epithelium of proximal coni'olutions m most cases 
nt this stage of the disease The general appear 
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ance was therefore of a cortex whicli had ne\er 
been greatl) damaged 

Contrasting, was the alteration in tlie subcor- 
tical outer stripe of medulla Extending down- 
ward from tlie cortex into this zone, which had 
the appearance of a region of resolution of hemor- 
rhage and replacement fibrosis were tlie thick- 
ened terminal segments of proximal comolutions, 
their epithelium w as quite atiqiical laned m 
thickness and containing manj irregularly dis- 
tributed large nuclei (Figure 35) In the broad 
band of the affected region irregular foa of 
ti pical hemorrhagic infiltration persisted alternat- 
ing and blending with ill-defined areas where the 
tubules w ere separated not b} masses of red blood 
cells but by cellular fibrous tissue (Figure 36) , a 
considerable increase in collagenous fibrils sur- 
rounded atrophic tubules and fused with their 
thickened basement membranes (Figure 37) Ex- 
tension of the fibrosis could be traced upwards 
into the lower cortex m the form of ceUular scars 
which replaced tubules and surrounded glomeruli 
(Figure 38) 

The renal lesions in five cases — two of w'hich 16 
and 46, died on the fourth daj of diuresis two 
others 11 and 19, on the ninth da) and one, 29, 
on the eleventh da) — showed essentially similar 
lesions to those just described but with more evi- 
dence of preMOUs damage and a lesser degree of 
restitution In the subcortical zone of the medulla, 
mtertubular hemorrhage still persisted in all in- 
stances with intermingled areas of resolution and 
interstitial reaction (Figure 39) In two of the 
fir e cases 16 and 46 the epithelium of the cortical 
proximal convolutions was of the original mature 
Upe, m three, 11, 19 and 29, it resembled a re- 
placement b) at) pical regenerated epithelium simi- 
lar to that shown m Figure 40, in none were there 
the marked distention and dilatation of tubule lu- 
mens obsened in the preceding Phase of Estab- 
lished Oliguna 

The last Ur o cases rr ere of the longest duration 
that occurred m this senes and therefore present 
the maximum effect of the passage of time on the 
renal lesion that rr as ar-ailable for obserr ation 

The first of these Case 33, died on the nine- 
teenth dar of his disease in the tenth da) of the 
Diuretic Phase He had passed through the Hr- 
potcnsire Phase rritli Uro episodes of shock rrliich 
re--ponded to appropnate therapr and an Oligu- 


ric Phase of 4 dars m rrliich his unnar^ output 
areraged 250 cc m 24 hours rrhen the BUN 
reached a maximum of 286 mg per cent Dunng 
this penod he rr'as In-pertensir e (158/112 mm 
Hg) On the ninth dar of his illness, diuresis be- 
gan abniptl) and continued until his deatli on 
the nineteenth dar the urinar)' output ranging 
from 1410 to 4400 cc m 24 hours The last 
da)s of his life rrere an example of homeostatic 
instability rrath repeated episodes of dehydration 
hrpotensive shock fluid replacement and threat- 
ening pulmonar) edema During this terminal 
penod he received 11 units of serum albumin 
Cerebral mrolrement became apparent, his tem- 
perature reached 104° and he died on the nine- 
teenth da) of his illness The BUN on the day 
preceding death liad decreased to 145 mg per 
cent 

At autops) a confluent bronchopneumonia in 
addition to hemorrhages in the nght auricle, pitui- 
tar)’, and mterr'entncular septum rvere present 
The renal lesion is descnbed as showing “a fairly 
marked degree of congestion and focal hemorrhage 
in the renal medulla ” 

In the histological sections the proximal con- 
volutions m the cortex were lined w’lth an atypical 
epithelium The lumens w'ere therefore irregu- 
larly w’ldened and contained a moderate amount 
of coagulated matenal and desquamated cells 
(Figure 40) The contrast in appearance between 
these tubules whose lumens were somew'hat in- 
creased by the irregularity of their epithelium and 
the frank and even distention of a tubule dilated 
by internal pressure, as occurred m the Ohgunc 
Phase, ma) be seen m a comparison of Figures 
40 and 24, and of Plates X and VII Bowman’s 
space was not dilated and the glomerular tufts ap- 
peared normal The tubules of the cortex were 
wideU spaced and the interstices filled with a 
loose fibrous connective tissue in which w'ere 
clusters of round cell infiltration In the sub- 
cortical zone of the medulla and extending to the 
papillae extensive areas of persisting mtertubular 
hemorrhage w ere seen , m these areas the smaller 
tubules were widely separated and apparently 
reduced in number but the larger collecting tu- 
bules w ere not onl) intact but show ed an extreme 
and irregular proliferation of their distinctive 
epithelium, which formed irregular plaque-like 
formations distorting the normal!) e\en contours 
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of their lumens (Figure 41) The resulting dxs 
tortions of the terminal collecting tubules and the 
ducts of Bellini entering the pehns the htter filled 
m part wth renal failure casts are sho^Ti m 
Plate XI 

Case 18 survived 27 days he had passed 
through the tj'pical Febrile and Hj'potensive 
Phases of the disease vnth onl) moderate shock 
On the se\ enth day of his illness he entered a 6- 
day pcnod of Established Ohguna watli hyper 
tension and a rising BUN that continued wnthout 
remission until his death reaching a final figure of 
329 mg per cent On tlie tv-elftli daj lus unnaiy 
output increased from 195 to 2175 cc m 24 hours 
and a moderate but irregular diuresis at times of 
3000 cc continued to lus death During this 
terminal penod tlie usual problem of maintenance 
of fluid balance between deh\dration and pulmo- 
nary edema %vas present witli repeated episodes of 
secondary shock In this penod he receiNcd no 
serum albumiiL 

At autopsy a marked hypostatic congestion and 
edema of the lungs were present with the usual 
hemorrhages m nght auncle and pituitary The 
renal lesion is desenbed as showing the classical 
medullary hemorrhage with some evidence of 
resorption. 

Histological examination showed extensile in 
tertubular hemorrhage in the subcortical region 
extending deep into the medulla The areas of 
hemorrhage i\cre not continuous but formed an 
irregular zone m nhich r^ons of tubular col 
lapse and dibtation alternated with definite fibro- 
sis of the mtertubular tissue The dilated tubules 
lying in the fibrous areas extended by medullary 
rais into the cortex and y\ere either empty or 
filled \v\th hvaline material Proximal convolu 
tions m the cortex y\crc iiregularl} dilated their 
epitliehum yy-as of a normal mature type The 
glomeruli saye for coagulated material m Boy\ 
mans space yyere not remarkable. 

***** 

All of the indiyiduals surynyung the phase of 
oligunn for periods y’aryung from 1 to 16 days 
shoyyed yyndespread cyidencc of the usual renal 
repamtiy c processes of epithelial regeneration and 
replacement fibrosis the general dibtation of cor 
Heal tubules yvas not present Tlie structural re 
pair concerned the kidne> tissue rather than the 


nephrons for tliere liad ocairred no restitution of 
organ structure m tho'ie elements yyhose continu 
ity liad been destroyed In Case 43 the histologi 
cal pattern of the corte.\ y\nth its glomeruli and 
proximal conyolutions appeared not greatly ab- 
normal (Figure 34) and at least from the struc 
tunii yneyvpomt had the appearance of a possible 
functional adequacy e\en though renal insufti 
aency wais still eyudent m the BUN yyhich liad 
decreased from a maximum of 280 to 173 mg per 
cent Judging from the amount of scattered scar 
tissue and distorted tubules in both the subcortical 
zone and in the cortex a considerable number of 
nephrons must haye been m part destroyed 

***** 


Further c\adence of the nature of the repair is 
found m an individual y\ ho having recovered 
from EHF died of causes other than renal in 
suffiaency 149 day^ bter 
This patient yvas first adnutted to hospital on 
the third day of Ins illness y\ath the ty'pi^ dim 
cal picture of EHF On the next day yyatli a 
blood pressure of 110/90 mm Hg a pulse of 112 
and a hematoent of 60 per cent he gi\ en one 
unit of serum albumin from then on Uie blood 
pressure yyas stable On the suxth day the un 
nary output dropped to 25 cc. on the seventh 
It was 125 cc he then became hypertensive (150/ 
100 170/100 mm. Hg) On the tenth day dm 
rcsis of 1700 cc ensued the BUN yyhich Iiad 
risen to 70 mg per cent fell to 43 on tlie tuehth 
day He was transferred to a hospital in the 
States yvhere 79 days after the onset of his iflne<s 


test of his maximum concentration capanfy 
hoyycd a specific gravity of 1 010 Diinng 
tay m hospital the patient presented symptom' of 
drcnal insufficiency cardiac irregubntv and x 
asional dome seizures In one of tbe'e he di 
49 days after the onset of the attack of EffF 
At autopsy the anlenor pitratan ^ 

e almost entirelv destroyed br an oU 

ifarchon the adrenaL iceighed 

igical section there was a thmffliur o J ^ 
ith a marked lipoid dqjleOOD and an^ o 

s,nthc^ gZenJo^ “"'fj 

™l Tfc. 

r atropbr ard mu-OTtion arrest o ^ 

ererer^ rrrtartoMe 
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The kidne}s iieighed 370 gm , the surface of one 
iras described as smooth, the other as finety 
granular 

Histological examination showed similar lesions 
in both kidnejs, but the cellular scars to be de- 
scribed were more prominent in one The sub- 
cortical zone of the medulla, whicli from the his- 
torj" may be assumed to have been the seat of 
circulatory disturbances, showed an increase in 
mtertubular fibrous tissue and a consequent wide 
spacing of the tubules passing through it The 
majonty of these straight tubules appeared nor- 
mal, but scattered through the denser areas of 
fibrosis were collecting tubules w'hich showed a 
hj-perplastic proliferation of their epithelium (Fig- 
ure 42) The deeper parts of the medulla, in- 
cluding the papillae, were free of fibrosis and ap- 
peared normal Rather different from the acel- 
lular fibrous scarring were other more recently 
appearing wedge-shaped areas of monocytic infil- 
tration and fibrous proliferation w'hich extended 
from mid-medulla through the cortex to the sur- 
face of the kidnej Within the confines of these 
scars remnants of atrophic tubules and glomeruli 
were iisible (Figure 43) 

♦ ♦ * * * 

In the kidneys of this individual w'ho had re- 
covered from the acute episode of EHF there are 
two t) pes of fibrous scarnng and tubular destruc- 
tion The one, present m the subcortical zone, is 
composed of an acellular fibrosis, the other, ex- 
tending from medulla to cortex, is relatively 
afibrous and is filled w ith an infiltration of inflam- 
matory' monocjtic cells The former corresponds 
in location and m its fibrous components w ith that 
seen in tlie reparative process in cases of shorter 
duration The frankly mflammatoiy nature of 
the latter tj pe of fibrosis seems to be either a new 
element m the pathological complex or a greatly 
exaggerated one, since in the cases formerly de- 
scnbed cellular infiltration of an mflammatoiy' re- 
action though occasionally present, was at a 
minimum In the present case the noncommittal 
diagnosis of sub-acute pa elonephntis is at least 
warranted, it is a matter of speculation what re- 
lation it bears to the original lesion of EHF which 
appears to ha\e healed with a benign fibrosis and 
the destruction of a certain number of nephrons 


RESUME 

Concurrent with our description of the struc- 
tural changes in the kidnevs dunng the succeed- 
ing phases of EHF haa e run a discussion of their 
significance as factors m the renal status and a 
critical consideration of the pertinent literature 
Wliat now follows is an uninterrupted recapitula- 
tion of the course of the disease, attempting a 
chronological sjnthesis m structural-functional 
correlations that w'lll integrate the renal lesion into 
tile clinical syndrome 

During the first hours of the Febrile Phase the 
mdnidual shows clinical evidence in the intense 
flush of the skin and \'isible mucous membranes 
of vasodilatation of peripheral small vessels The 
capillaries of the nail folds are widely dilated , the 
same is apparentl) true of the small vessels in the 
renal vascular bed, as ERBF is either normal or 
increased It can be assumed, therefore, that the 
kidney during this first stage is flooded with a 
rapid circulation of blood through vessels which 
are, save for vasodilatation, essentially normal 
Since only traces of protein are found in the 
urine, it would seem that the glomerular capillar- 
ies have not as yet suffered the charactenstic and 
catastrophic lesion of the disease which is to de- 
velop in the next stage 

This vascular disturbance is revealed m the 
succeeding Hypotensive Phase bj' the abrupt leak- 
age of plasma from the capillaries, and results 
m a reduced circulating blood volume It is as- 
sociated with decrease in arteriolar tone so that 
hypotension and shock are the result The struc- 
tural-functional correlation at this point is clear, 
for at autopsy tlie escaped plasma is found in the 
retropentoneal spaces 

Lowered artenal pressure of shock is a suffi- 
cient cause of decreased renal blood flow, but 
there are also local disturbances in the renal vascu- 
lar sjstem Proteinuria abruptly increases, often 
m the course of a few hours, as evidence of leak- 
age of plasma through glomerular capillaries that 
have undergone damage similar to that which is 
so w idel} spread throughout the tissues , the cor- 
relative structural aspect of the lesion is seen in 
the precipitate which fills Bowman’s space and in 
the areas of mtertubular edema, analogous to the 
retropentoneal edema, that are found m medulla 
and cortex Clearances show a sharp reduction in 
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ERBF e\cn m the absence of clinical shock if 
the latter concomitantlj or Bubsequentlj occurs 
as It did m moat of the fatal cases a summation of 
general and local efiects operates to reduce renal 
blood flow 

It IS the failure of renal blood flow, prenousU 
either abimdant or excessue m an engorged vas 
cular bed the artcnoles of which ha\'e lost their 
tone and wliose capiUanes and venules arc perme 
able to plasma but not to red blood cells that is 
responsible for the ongm of the charactenstic 
renal lesion of tlie disease The distincti\e locali 
zation of this arcuLitor) disturbance is due to the 
anatomical and functional peculianties of the \ns- 
cular system of the kidnej which ha\e been prcvi 
ously desenbed Even with a reduced blood flow 
the atomc and permeable vessels of the raedul 
lary sponge m the subcortical tone of the me- 
dulla a region showm to be the last to suffer 
ischemia are flooded and distended to the point of 
tubular compression At this stage the arcula 
Pon m cortex and deep medulla is not greatly 
disturbed 

The status of the renal arculation is now that 
which Ricker (20) would ha\e called a “prestatic 
congestion for judging from histological appear 
ances the blood wnthin the intact dibvted inter 
tubular capillanes is arculating There is little 
structural or functional effect other than moderate 
pressure on the tubules m the region of subcorti 
cal congestion Urinary output has been irrcgu 
larly and variably reduced and follow's m the 
mam alterations of blood pressure and consequent 
renal blood flow In clinical terms oliguna has 
not been established 

In the Transition Period and Oligunc Phase 
climcal evidences accumulate of an intensification 
of the general damage to small vessels and the con 
sequent escape of more than plasma Pctechiac 
in the skm increase to a maximum on the fifth or 
sixth da} ccchjTnoscs or hematomata at the site 
of tnvial trauma hcmatcmesis melena and he 
moptysis all appear toward the end of the H} 
potensi\c Phase along watli a reduction in plate- 
lets So in the subcortical zone of the medulla 
hemorrhage at first bj diapedcsis and in tlie end 
b) capillar} disrupUon infiltrates the renal paren 
ch}Tna All tubules m the areas of ini'oU'cmcnt 
now he widcl} separated in a mass of non-circu 
lating red blood cells 


The arculaton disturbance lias now passed 
from Ricker s prestatic phase to that of rubrostasis 
and IS accompamed b) necrosis of those portions 
of the nephrons which he m the anoxic areas of 
congestiie stasis This mtcmiptioii of the intra 
renal passages which tends to isolate cortex from 
medulla is not complete howcicr for it is formed 
b} the coalescence of focal areas of congesti\*e 
hemorrhage winch arose from the peculiar horse 
tail configuration of the aricnac rcctac of the lower 
glomerular efferents The tubules of man} nepli 
rons and of the collecting system niai be presen cd 
c\en in what appears m section to be a sc\creU 
affected kidnei Tlie importance of intact dian- 
nels through the area of destruction for the con 
tmuation of some flow of unne in the Oligunc 
Phase and for its increase m the Diuretic Phase 
which ma) follow is apparent 
The clinical observation of Uic deielopmcnt of 
an established oliguna dunng this penod corre 
Utes wnth the pathological finding of compressed 
and interrupted mtrarcnal channels Vot onU 
are the compression and disniption of tubules 
seen in the subcortical rone of mtertubular hemor 
rhage but more conclusue, the effect of tliat ob- 
struction is endent lu the consequent dilatation of 
cortical tubules both proximal and distal tliat 
he abo\c it Sudi retrograde altcntions m the 
course of unne flow through the kidnc} are made 
possible b} the presence of mtracortical nephrons 
which haNc escaped medullar) disruption It is 
notc\i*orth> that this distention disappears with 
the onset of diuresis for it is not present m the 
kidnc} of those who haic passed through a sirai 
lar period and died m the Diuretic Phase 
Tubular destruction is not limited to the sub- 
cortical zone of congestion stasis in the aricnac 
rcctac reaches the papillae and the tissue lesions of 
hcmorrlage and necrosis follow Extension into 
the cortex is less obnous ^ct nephrons from se- 
\crcl} damaged kidne}8 regular!} showed the 
tubulorhcxic disniptive lesions of anoxia through 
out the proximal convolutions 
Those who died jn the Phase of Established 
Oliguna and in the following Phase of Diuresis 
showed such extcnsii'c damage to both nephrons 
and collecting S}Stein that an} adequate struc 
tural restitution in tlicir kidne}5 would seem to 
ha\e been impossible- We have previous!} con 
sidcrcd in detail the mechamsms of both struc 
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tural and functional reco%er\ after the tubular 
necrosis of acute renal failure (24) , it is unlikel}, 
therefore, considering the broad extent of tubule 
that may be destro} ed by the tubulorhexic lesion 
that the repair of the damaged nephrons m EHF 
IS possible Healing as has been demonstrated 
in the case of acute renal necrosis, is due to forma- 
tion of scars that contain afunctional remnants of 
destroyed nephrons 

Sunnal of the mduidual and ultimate re- 
co\ erj therefore depends on the escape of an ade- 
quate number of nephrons from anoxic necrosis 
Since 95 per cent of the indniduals with EHF 
sunne and, m routine clinical examination dur- 
ing com alescence, appear to have recovered nor- 
mal renal function, it follow's that the great ma- 
jority ne\er could hare developed the extensive 
structural damage that was present m those who 
died m oliguna or later diuresis In the typical 
case of EHF the turning point towards recovery' 
or exitus comes in the Transition Period, if the 
r'ascular disturbance remains at the level of a pre- 
static congestion with little or only moderate in- 
tertubular hemorrhage and consequent destruc- 
tion of a few nephrons, then a return of adequate 
blood flow' IS the major requisite for the restitu- 
tion of the renal status These relations are il- 
lustrated graphically in the low'est subdivision of 
Text Figure 1 Individuals recover from the renal 
lesion of EHF not by repair of nephrons but be- 
cause a great number of their nephrons have not 
been irreparabh damaged 

How frequently future difficulties in renal func- 
tion are to be anticipated m those who have sur- 
M\ed an attack of EHF remains uncertain until 
exact measurements bi clearances of suitable 
cases hare been accumulated In all but the 
milder cases some nephrons hai e most likely' been 
destro\ed and it is known that after most forms 
of acute renal failure, m spite of some hyqiertrophy 
and hi-perplasia of the sunmors (24) this loss is 
demonstrable for a considerable time (25) 
W'hether a kidnei w ith such a lessened “resen e ’ 
is a potential hazard remains speculatn e , the one 
case mailable for examination in this senes 
showed the lesions of a sub-acute pielonephntis 

Since the Transition Penod and the Oligunc 
Phase IS the time of renal cnsis it w ould be most 
helpful if some distinguishing clinical character- 
istic or laboraton procedure might be discoiered 


that would differentiate the passing "renal in- 
sufficiency occurring m the Ohgunc Phase m 
the mdnidual who ultimately is to recoi'er, from 
the definitiy'e “renal failure” of one who has an 
irreparable destruction of nephrons and is to die 
Can the former temporary msuffiaency' be con- 
sidered, for example, a “functional” phenomenon 
m some nature different from an “organic,” ir- 
reversible failure, and if so cannot the two sorts 
of disturbance be distinguished by a refinement 
of clinical or laboratory technique^ 

These questions of differential diagnosis which, 
though they certainly haye metaphysical impli- 
cations that need not here concern us, yyould, if 
answerable be eminently practical The prob- 
lem has been examined under expenmental condi- 
tions in the perfused frogs kadney, yyhere a sim- 
plification of the factors involved if extreme, at 
least makes its consideration possible (26) If 
the conclusions of these expermients are ac- 
cepted, that yvhich has been assumed to be tyvo 
different sorts of disturbed renal activity', “func- 
tional” and “organic,” are not similar, they are 
m fact one and identical and no elaboration of 
technique can make them tyvo It is true that be- 
cause of present limitations in the scope of 
morphological tecliniques the visible structural 
aspect of the situation at times differs, if one 
can see a structural alteration then the differ- 
entiation between the ey'anescent and the ir- 
reversible renal disturbance may be possible 
For these reasons it is understandable how an 
“established oliguria” in the clinical sense was 
obsened in individuals who recovered, m their 
kidneys some nephrons may have undergone the 
irreiersible structural lesions that charactenzed 
the phenomenon in the pathological sense but not, 
as m the fatal case, a significant number to pre- 
clude recovery' of an adequate renal status To 
distinguish between the two situations the struc- 
tural alterations eiident in a renal biopsy, w'hich 
in the present case was impractical, yvould be 
required 

In general, the mechanisms of the tyvo varia- 
tions m unnary output, oliguria and diuresis, are 
similar in EHF to those which operate in the 
classical example of Acute Renal Failure assoa- 
ated with various forms of traumatic or toxic 
injury In both a decrease and subsequent restor- 
ation of renal blood flow would seem to be im- 
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mediate factors in the production of decreased and 
augmented unne flon As accessor> mechanisms 
that reduce tubule floi\ m both forms of renal 
damage, mcreased intra renal tension from inter 
stitial edema or swelling of osmobc ongin of the 
epithelium of the proximal convolutions must be 
considered and any casts that may be present 
must act as deterrents of tubular flow 

In contrast to these similarities beti\een the na 
ture and causes of decreased unnarj output m 
Acute Renal Failure and EHF one difference 
has been previously noted the establishment of 
the ohguna m the latter Though the factors 
which establish the ohguna tubular disruption 
are present in all forms of ischemic renal damage 
the concentration of its obstructive eflfect by a zone 
of subcortical hemorrhage is present only in EHF 

The sudden onset of diuresis at times from no 
unne excretion to over several hters m 24 hours 
makes it certain that a arculator} phenomenon is 
concerned and not the restitution of some struc 
tural element 

It should be noted that the diuresis obser\ed 
in the fatal cases was not the flood that occurred 
in those who recovered In the latter instances 
the unoary output commonl> stabilized at 6 to 8 
liters per day with an exceptional output of 18 
liters In the fatal cases here reported only an 
occasional individual passed as much as 4 liters 
and the more common daily output ivas around 2 
This depression m fatal cases of a diuresis that 
was normal m the recovering case is explicable 
b) the predominating and persisting effect of the 
structural alterations making for decreased flow 
m the Phase of Established Ohguna nam€l> m 
tertubular hemorrhage and tubular disrupbon 
Here again is evidence that the cases which re 
covered did not have the grave disruptive lesion 
in the nephrons that was obsened m the fatal 
cases 

VanaUons in unnary lolumc in Acute Renal 
Failure and EHF are l>oth glomerular and tu 
bular in their ongins The glomerular funcUonal 
mechanism is rclati\el> simple the tuft filtenng 
more or less m accord with the flow and pres 
sure of blood arculating through its capillancs 
Its functional response to the return of arculation 
is miniediatc since its structure has not been 
greath altered and filtrition is a simple process 
'Return of tubular funebon absorpbon of elec 


trolj'te and water is slow because of the need of 
elaborate reconsbtubons of cellular mechanisms 
such as the mitochondnal apparatus (24) Hence 
it is the temporal relabon of I’ar^'ing responses 
prompt filtrabon and delayed reabsorpbon to one 
event, the return of arculabon that determines the 
final effect i c diuresis and loss of elements whicli 
are normally conserved 

The tubular element m abnormal vanabon of 
unne output is more complex even if we ignore 
the obbgatory phase of water absorpbon which is 
presumed to occur in the distal portions of the 
nephrons or coUeebng ducts To do so m our 
problem w ould seem permissible since the raagm 
tude of output dunng the Diurebc Phase points 
to trouble in that porbon of the nephron where 
we know by direct observabon (27) that 80 per 
cent of the glomerular filtrate is absorbed namd> 
the proximal convolubon 

The anomalous and paradoxical effects of dis 
turbances in tubular funebon arc apparent enough 
when attempts are made to examme them indi 
rectl> b} means of clearances done m mam 
malian expenments it is perhaps equally opti 
misbc to pass to the other extreme of the situation 
in which the expenmental oiTTSimpliricabon of 
examining the problem in the perfused frog's lad 
neys ma> seem excessive Howeier certain phe 
nomena become apparent under these condibons 
which are at least suggcstiic in a h^'pothetical 
considerabon of the problem m man 

If a frogs kidnc) lying i« situ is perfused by 
the renal artery and renal portal ^cln with modi- 
fied l^ocke s solubon contaimng glucose a nor 
mal unne is formed in which the effects of tu 
bubr funebon arc endent in the hj-posthenuna 
the absence of sugar and if present m tlie perfu 
sate, the secrcbon and concentrabon in the unoe 
of a d)e neutral red If a poison urethane or 
HgCl, IS administered in low dosage to the tu 
bules alone and their functions arc thus modcratcl) 
depressed there de\ clops a marked increase m lol 
umc output a fall in rate of d>e cxcrcbon an in 
crease in total electrolyte elimmabon, and the np- 
pearance of sugar in the unne. If the dosage of 
poison IS increased the unne ^olume decreases 
wnth no return of sugar absorption or d}c secrc 
bon ulbmatcli reaching zero and the kidney is 
seen to be swollen and edematous Histological 
examination of such perfused kidnc}-s shows no 
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tural and functional recoien after the tubular 
necrosis of acute renal failure (24) , it is unlikelj, 
therefore, considering the broad extent of tubule 
that may be destro\ed bj the tubulorhexic lesion 
that the repair of the damaged nephrons m EHF 
is possible Healing as has been demonstrated 
m the case of acute renal necrosis, is due to forma- 
tion of scars tliat contain afunctional remnants of 
destrojed nephrons 

Sunnal of tlie induidual and ultimate re- 
coi er) therefore depends on the escape of an ade- 
quate number of nephrons from anoxic necrosis 
Since 95 per cent of the indmduals with EHF 
sun lie and, in routine clinical examination dur- 
ing comalescence, appear to have recovered nor- 
mal renal function, it follows that the great nia- 
jorit}' neier could have developed the extensive 
structural damage that was present m those who 
died in oliguria or later diuresis In the tjpical 
case of EHF the turning point towards recovery 
or exitus comes in the Transition Period, if the 
mscular disturbance remains at the level of a pre- 
static congestion with little or only moderate m- 
tertubular hemorrhage and consequent destruc- 
tion of a few nephrons, then a return of adequate 
blood flow is the major requisite for the restitu- 
tion of the renal status These relations are il- 
lustrated graphically in the low'est subdivision of 
Text Figure 1 Individuals recover from the renal 
lesion of EHF not bj repair of nephrons but be- 
cause a great number of their nephrons have not 
been irreparably damaged 

How frequentl} future difficulties in renal func- 
tion are to be anticipated in those w'ho have sur- 
\i\ed an attack of EHF remains uncertain until 
exact measurements bi clearances of suitable 
cases Ime been accumulated In all but the 
milder cases some nephrons hai e most likely been 
destroied, and it is known that after most forms 
of acute renal failure, in spite of some hj pertrophj' 
and hiperplasia of the sunnors (24) this loss is 
demonstrable for a considerable time (25) 
Whether a kidne} with such a lessened “reseiN^e” 
IS a potential hazard remains speculatiie, the one 
case aiaiilable for examination in this senes 
showed the lesions of a sub-acute p\ elonephntis 

Since the Transition Penod and the Oliguric 
Phase IS the time of renal cnsis it would be most 
helpful if some distinguishing clinical character- 
istic or laboraton procedure might be discoiered 


that would differentiate the passing “renal in- 
suffiaencj ’ occurring m the Oliguric Phase in 
the induidual who ultimately is to recover, from 
the definitue “renal failure” of one who has an 
irreparable destruction of nephrons and is to die 
Can the fonner temporan insufficiency be con- 
sidered, for example, a “functional” phenomenon 
in some nature different from an “orgamc,” ir- 
reversible failure, and if so cannot the two sorts 
of disturbance be distinguished by a refinement 
of clinical or laboratory technique^ 

These questions of differential diagnosis which, 
though thei certainlj have metaphysical impli- 
cations that need not here concern us, would, if 
answerable be eminently practical The prob- 
lem has been examined under experimental condi- 
tions in the perfused frog’s kidnejq wdiere a sim- 
plification of the factors involved, if extreme, at 
least makes its consideration possible (26) If 
the conclusions of these experiments are ac- 
cepted, that which has been assumed to be two 
different sorts of disturbed renal activity, “func- 
tional’ and “organic,” are not similar, they are 
m fact one and identical and no elaboration of 
technique can make them hvo It is true that be- 
cause of present limitations m the scope of 
morphological techniques the visible structural 
aspect of the situation at times differs, if one 
can sec a structural alteration, then the differ- 
entiation between the eranescent and the ir- 
reversible renal disturbance may be possible 
For these reasons it is understandable how an 
“established oliguria” in the clinical sense was 
obsen’ed in individuals who recovered, in their 
kidneys some nephrons maj have undergone the 
irreversible structural lesions that characterized 
the phenomenon in the pathological sense, but not 
as in the fatal case, a significant number to pre- 
clude recmerj of an adequate renal status To 
distinguish between the twm situations the struc- 
tural alterations eiident in a renal biopsy, which 
in the present case was impractical, would be 
required 

In general, the mechanisms of the two varia- 
tions in unnar)^ output, oliguna and diuresis, are 
similar in EHF to those wdiich operate in the 
classical example of Acute Renal Failure assoa- 
ated with lanous forms of traumatic or toxic 
injurj In both a decrease and subsequent restor- 
ation of renal blood flow would seem to be im- 
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tural and functional recoien after the tubular 
necrosis of acute renal failure (24) , it is unlikel), 
therefore, considering the broad extent of tubule 
that maj be destro}ed by the tubulorhexic lesion 
that the repair of the damaged nephrons in EHF 
IS possible Healing as has been demonstrated 
in the case of acute renal necrosis, is due to forma- 
tion of scars that contain afunctional remnants of 
destroyed nephrons 

Survual of the indnidual and ultimate re- 
coaer} therefore depends on the escape of an ade- 
quate number of nephrons from ano\ic necrosis 
Since 95 per cent of tlie individuals with EHF 
sunne and, m routine clinical examination dur- 
ing comalescence, appear to have recovered nor- 
mal renal function, it follows that the great ma- 
jorit) ne\er could ha\e developed the extensne 
structural damage that was present in those who 
died in ohguna or later diuresis In the tipical 
case of EHF the turning point towards recover}' 
or exitus comes in the Transition Period, if the 
vascular disturbance remains at the level of a pre- 
static congestion with little or onl} moderate in- 
tertubular hemorrhage and consequent destruc- 
tion of a few nephrons, then a return of adequate 
blood flow is the major requisite for the restitu- 
tion of the renal status These relations are il- 
lustrated graphically m the lowest subdnision of 
Text Figure 1 Individuals recover from the renal 
lesion of EHF not by repair of nephrons but be- 
cause a great number of their nephrons ha^e not 
been irreparably damaged 

How frequentl) future difficulties m renal func- 
tion are to be anticipated in those who have sur- 
n\ed an attack of EHF remains uncertain until 
exact measurements b\ clearances of suitable 
cases ha\e been accumulated In all but the 
milder cases some nephrons haA e most likely been 
destroAed and it is knoAAn that after most forms 
of acute renal failure, in spite of some h) pertroph} 
and liA-perplasia of the sunaA'ors (24) this loss is 
demonstrable for a considerable time (25) 
W hether a kidnej aa ith such a lessened “resen e” 
is a potential hazard remains speculatne, the one 
case aAailable for examination m this senes 
showed tlie lesions of a sub-acute pj elonephntis 
Since the Transition Penod and the Ohgunc 
Phase IS the time of renal cnsis it \AOuld be most 
helpful if some distinguishing clinical character- 
istic or laboraton procedure might be discoAcred 


that AAOuld differentiate the passing “renal in- 
bufficiencA occurring in the Ohgunc Phase in 
the indiAidual Aiho iiltimatelA is to recoA'er, from 
the definitive ‘ renal failure” of one AA'ho has an 
irreparable destruction of nephrons and is to die 
Can the former temporan insufficiency be con- 
sidered, for example, a “functional” phenomenon 
in some nature different from an “organic, ’ ir- 
reversible failure, and if so cannot the two sorts 
of disturbance be distinguished b} a refinement 
of clinical or laboratorj technique^ 

These questions of differential diagnosis AA'hich, 
though theA' certainl}' have metaphysical impli- 
cations that need not here concern us, Avould, if 
answerable be eminentl}' practical The prob- 
lem has been examined under experimental condi- 
tions in the perfused frog’s kidney, Avhere a sim- 
plification of the factors invoh'ed, if extreme, at 
least makes its consideration possible (26) If 
the conclusions of these experiments are ac- 
cepted, that Avhich has been assumed to be two 
different sorts of disturbed renal activit}', “func- 
tional” and “organic ” are not similar , they are 
in fact one and idenbcal and no elaboration of 
technique can make them two It is true that be- 
cause of present limitations in the scope of 
morphological techniques the visible structural 
aspect of the situation at times differs, if one 
can see a structural alteration, then the differ- 
entiation betAA een the evanescent and the ir- 
rcA'ersible renal disturbance may be possible 
For these reasons it is understandable hoAv an 
“established ohguna” in the clinical sense Avas 
obserA'ed in individuals aaIio recovered, in their 
kidneys some nephrons may haie undergone the 
irreA'ersible stnictural lesions that characterized 
the phenomenon in the pathological sense but not 
as in the fatal case, a significant number to pre- 
clude recovery of an adequate renal status To 
distinguish between the two situations the struc- 
tural alterations evident in a renal biopsy, w'hich 
in the present case AAas impractical, Avould be 
required 

In general, the mechanisms of the tAvo varia- 
tions in unnan output, ohguna and diuresis, are 
similar m EHF to those AAluch operate m the 
classical example of Acute Renal Failure associ- 
ated AAith A'anous forms of traumatic or toxic 
injun In both a decrease and subsequent restor- 
ation of renal blood flow would seem to be im- 
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mediate factors in the production of decreased and 
augmented urme flow As accessory mechanisms 
that reduce tubule flow m both forms of renal 
damage, increased mtra renal tension from inter 
stitial edema or swellmg of osmotic origin of the 
epithehura of the proximal convolutions must be 
considered and any casts that may be present 
must act as deterrents of tubular flow 

In contrast to these similarities between the na 
ture and causes of decreased urinary output in 
Acute Renal Radure and EHF one difference 
has been previously noted the establishment of 
the ohguna m the latter Though the factors 
which cstabhsh the ohguna tubular disruption 
are present in all forms of ischemic renal damage, 
the concentration of its obstructive effect by a rone 
of subcortical hemorrhage is present only m EHF 

The sudden onset of diuresis at times from no 
unne excretion to over several liters m 24 hours 
makes it certain that a arculatory phenomenon is 
concerned and not the restitubon of some struc 
tural element 

It should be noted that the diuresis observed 
m the fatal cases was not the flood that occurred 
m those who recovered In the btter instances 
the urinary output commonly stabilized at 6 to 8 
liters per da> with an exceptional output of 18 
liters In the fatal cases here reported onl> an 
occasional mdividual passed as much as 4 bters 
and the more common daily output was around 2 
This depression in fatal cases of a diuresis that 
was normal m the recovenng case is explicable 
bj the predominating and persisting effect of the 
structural alterations making for decreased flow 
in the Phase of Established Obguna namclj m 
tcrtubular hemorrhage and tubular disruption. 
Here again is evidence that the cases which re 
covered did not have the grave disruptive lesion 
in the nephrons that was observed in the fatal 
cases 

Variations m unnary volume in Acute Renal 
Failure and EHF are both glomerular * and tu 
buhr m tlicir origins Tlie glomerular functional 
meclianism is relativcl) simple the tuft filtering 
more or less m accord wnth the flow and pres 
sure of blood arculating through its capillancs 
Its functional response to the return of circulation 
is immediate since its structure has not been 
grcatlv altered and filtration is a simple process 
Return of tubular function absorption of dec 


trolytc and water is slow because of the need of 
elaborate reconstitutions of cellular mechamsras 
such as the mitochondrial apparatus (24) Hence 
It is the temporal relation of vzrymg responses 
prompt filtration and delayed reabsorption to one 
event the return of circulation that determines the 
final eff^ect, t c diuresis and loss of elements which 
are normally conserved 

The tubular clement in abnormal variation of 
unne output is more complex even if we ignore 
the obhgatory phase of water absorption whicli is 
presumed to occur in the distal portions of the 
nephrons or collecting ducts To do so in our 
problem would seem permissible since the magni 
tude of output during the Diuretic Phase pomts 
to trouble m that portion of the nephron where 
we know by direct observation (27) that 80 per 
cent of the glomerular filtrate is absorbed namel} 
the proximal convolution 

The anomalous and paradoxical effects of dis 
turbances m tububr function arc apparent enough 
when attempts are made to examine Uiera indi 
recti) b) means of deaiances done m mam 
mahan experiments it is perhaps equall) opti 
nustic to pass to the other extreme of the situation 
in which the expenmental oversimplification of 
examming the problem in the perfused frog's kid 
neys may seem excessive Howev'er certain phe- 
nomena become apparent under these conditions 
which are at least suggestive m a h)'pothctical 
consideration of the problem in man 

If a frog s kidnev lying in situ is perfused b) 
the renal artery and renal portal van wnth modi 
fied Locke s solution containing glucose a nor 
mal unne is formed in which the effects of tu 
bular function are evident m the hj'posthenuna 
the absence of sugar and if present in the perfu 
sate the secretion and concentration m tlic unne 
of a d)'c, neutral red If a poison urethane or 
HgOj IS administered m low dosage to the tu 
bales alone and thar functions are thus modcratcl) 
depressed there dev elops a marked increase m v ol 
umc output a fall m rate of d)C excretion an m 
crease m total electrolyte elimination and the ap- 
pearance of sugar in the unne. If the dosage of 
poison is increased the unne volume decreases 
wath no return of sugar absorption or dye secrc 
tion uUimatcl) reaching zero and tlie kadnc) is 
seen to be swollen and edematous Histological 
examination of such pierfused kadnej’S shows no 
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tural and functional recoien after the tubular 
necrosis of acute renal failure (24) , it is unlikeh', 
therefore, considenng the broad extent of tubule 
that ma) be destroied bj the tubulorhexic lesion 
that the repair of the damaged nephrons in EHF 
is possible Healing as lias been demonstrated 
m the case of acute renal necrosis is due to forma- 
tion of scars that contain afunctional remnants of 
destrojed nephrons 

Suni\al of the individual and ultimate re- 
cover} therefore depends on the escape of an ade- 
quate number of nephrons from anoxic necrosis 
Since 95 per cent of the indniduals mth EHF 
sunue and, in routine clinical examination dur- 
ing comalescence, appear to haie recovered nor- 
mal renal function, it follows that the great ma- 
jority ne\er could haie developed the extensive 
structural damage that was present in those who 
died in oliguna or later diuresis In the tjpical 
case of EHF the turning point towards recovery 
or exitus comes in the Transition Period, if the 
vascular disturbance remains at the level of a pre- 
static congestion with little or onl} moderate in- 
tertubular hemorrhage and consequent destruc- 
tion of a few nephrons, then a return of adequate 
blood flow IS the major requisite for the restitu- 
tion of the renal status These relations are il- 
lustrated graphically in the lowest subdivision of 
Text Figure 1 Individuals recov'er from the renal 
lesion of EHF not bj repair of nephrons but be- 
cause a great number of their nephrons have not 
been irreparably damaged 

How frequentl) future difficulties in renal func- 
tion are to be anticipated in those who have sur- 
vived an attack of EHF remains uncertain until 
exact measurements bv clearances of suitable 
cases have been accumulated In all but the 
milder cases some nephrons hav e most likely been 
destroved and it is known that after most forms 
of acute renal failure, in spite of some hvpertroph) 
and hvperplasia of the survavors (24) this loss is 
demonstrable for a considerable time (25) 
\\ hethcr a kidnev vvath such a lessened ‘‘reserve’ 
is a potential hazard remains speculative the one 
case available for examination in this senes 
showed the lesions of a sub-acute pv elonephntis 

Since the Transition Penod and the Oliguric 
Phase IS the time of renal crisis it would be most 
helpful if some distinguishing clinical character- 
istic or laboraton procedure might be discovered 


that would differentiate the passing “renal in- 
sufficienc}' occurring in the Oliguric Phase in 
the individual who ultimateh is to recov'er, from 
the definitive renal failure” of one who has an 
irreparable destruction of nephrons and is to die 
Can the former temporarj insufficiency be con- 
sidered for example a “functional” phenomenon 
in some nature different from an “organic,” ir- 
reversible failure, and if so cannot the twm sorts 
of disturbance be distinguished bj a refinement 
of clinical or laboratorj technique^ 

These questions of differential diagnosis w^hich, 
though the} certainl} have metaphysical impli- 
cations that need not here concern us, would, if 
answerable be eminently practical The prob- 
lem has been examined under experimental condi- 
tions in the perfused frog’s kidney, where a sim- 
plification of the factors involved, if extreme, at 
least makes its consideration possible (26) If 
the conclusions of these experiments are ac- 
cepted, that which has been assumed to be two 
different sorts of disturbed renal activit}q “func- 
tional” and “organic,” are not similar, they are 
in fact one and identical and no elaboration of 
technique can make them two It is true that be- 
cause of present limitations m the scope of 
morphological techniques the visible structural 
aspect of the situation at times differs, if one 
can see a structural alteration, then the differ- 
entiation betw een the evanescent and the ir- 
reversible renal disturbance may be possible 
For these reasons it is understandable how an 
“established oliguria” m the clinical sense was 
observ'ed in mdivuduals vv ho recovered , in their 
kidnev s some nephrons may hav^e undergone the 
irreversible structural lesions that characterized 
the phenomenon in the pathological sense, but not, 
as m the fatal case, a significant number to pre- 
clude recover}' of an adequate renal status To 
distinguish between the two situations the struc- 
tural alterations evident in a renal biopsy, which 
in the present case was impractical, would be 
required 

In general, the mechanisms of the two varia- 
tions in urinarj output, oliguna and diuresis, are 
similar in EHF to those which operate in the 
classical example of Acute Renal Failure associ- 
ated with various forms of traumatic or toxic 
injurv In both a decrease and subsequent restor- 
ation of reml blood flow would seem to be im- 
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mediate factors m the production oJ decreased and 
augmented unne flow As accessorj mechamsms 
that reduce tubule flo^v m both forms of renal 
damage, increased mtra renal tension from mter 
stitial edema or swellmg of osmotic origin of the 
epithebum of the proximal con\olutions must be 
considered and any ‘casts that may be present 
must act as deterrents of tubular flow 

In contrast to these similarities between the na 
ture and causes of decreased unnary output m 
Acute Renal Failure and EHF one difference 
has been previously noted the establishment of 
the ohguna m the latter Tlwugh the factors 
Vrhich establish the ohguna tubular disruption 
are present in all forms of ischemic renal damage, 
the concentration of its obstructive effect by a zone 
of subcortical hemorrhage is present onlv in EHF 

The sudden onset of diuresis at times from no 
unne excretion to over se\ eral Uters in 24 hours 
makes it certain that a arculatorj phenomenon is 
concerned and not the restitution of some struc 
tural element 

It should be noted that the diuresis observed 
m the fatal cases was not the flood that occurred 
in those who recovered In the latter instances 
the unnary output commonl) stabilized at 6 to 8 
liters per da> with an exceptional output of 18 
liters In the fatal cases here reported only an 
occasional mdividual passed as much as 4 liters 
and the more common daily output was around 2 
This depression m fatal cases of a diuresis that 
was normal in the recovermg case is explicable 
b) the predominating and persisting effect of the 
structural alterations making for decreased flow 
m the Phase of Established Ohguna, namely in 
tertubular hemorrhage and tubular disruption 
Here agam is evidence that the cases which re 
covered did not have the grave disruptive lesion 
m the nephrons that NN’as observed in the fatal 
cases 

Vanations in unnan \olume in Acute Renal 
Failure and EHF are both glomerular and tu 
biilar in their ongins Tlie glomerubr functional 
meclianism is rclativch simple the tuft filtenng 
more or less m accord i\ith the flois and pres 
sure of blood circulaUng through its capilbncs 
Its functional response to the return of arculation 
IS immediate since its structure has not been 
grcatl> altered and filtration is a simple process 
Return of tubular function absorption of dec 


troljte and w’ater is slow because of the need of 
ebborate reconstitutions of cellular mechanisms 
such as the mitochondrial apparatus (24) Hence 
it IS the temporal rebtion of vaiying responses 
prompt filtration and delajed rcabsorption to one 
event the return of arcubtion that determines the 
final effect i c , diuresis and loss of dements winch 
are normally conserved 

The tububr dement m abnormal variation of 
unne output is more complex even if we ignore 
the obhgatory phase of water absorption which is 
presumed to occur in the distal portions of the 
nephrons or collecting ducts To do so in our 
problem would seem permissible since the magni 
tude of output dunng the Diuretic Phase pomts 
to trouble m that portion of the nephron where 
we know by direct observation (27) tliat 80 per 
cent of the glomerular filtrate is absorbed namelj 
the proximal convolution 

The anomalous and paradoxical effects of dis 
turbances m tubular function are apparent enough 
when attempts arc made to examine them indt 
rectly by means of dearances" done m mam 
malian expenments it is perhaps equall) opti 
mistjc to pass to the other extreme of the situation 
in which the expenmental oversimplification of 
examining the problem in the perfused frog s kid 
ntys may seem excessive Howe^e^ certain phe- 
nomena become apparent under these conditions 
which arc at least suggestive m a hjpothetical 
consideration of the problem in man 

If a frog s kidney lying t« situ is perfused by 
the renal artciy and renal portal \ein with modi 
fied Locke s solution contaimng glucose a nor 
mal unne is formed m which the effects of tu 
bubr function are evident m the h^'posthcmina 
the absence of sugar and if present in the perfu 
sate, the secretion and concentration in the unne 
of a dve neutral red If a poison uretluine or 
HgO is administered in low dosage to the tu 
bules alone and their functions arc thus modcratcl) 
depressed there dev'clops a marked increase m v ol 
umc output a fall in rate of d)e excretion an in 
crease in total clcctrol)ic elimination and tlic ap- 
pearance of sugar in the unnc- If the dosage of 
poison IS increased the unne volume decreases 
wath no return of sugar absorption or d>c sccre 
tion ulUmatcl) reaching zero and the kidncv is 
seen to be swollen and edematous Histological 
examination of such perfused kidneys shows no 
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frank epithelial structural lesions in the “stage of 
diuresis,” and marked epithelial destruction and 
intertubular edema m the later “stage of oliguna” 
(28, 29) 

In a tentatn e manner one might imagine analo- 
gous tubular disturbances operating in the com- 
plexity of the renal lesions of Acute Renal Fail- 
ure and EHF Under clinical conditions the se- 
quence of e\ents in the ti\o diseases is reversed, 
oliguria and structural damage of the grave renal 
insult preceding a phase of restitution of renal 
function that is indicated by diuresis when tu- 
bules, still inadequate, fail to absorb the fluid of 
an increasing glomerular filtration that has fol- 
lowed a return of renal circulation 

As this discussion has progressed comparisons 
and analogies ha\e continuously presented them- 
selves relating the structural and functional as- 
pects of the renal lesion of EHF to those of the 
renal lesion of Acute Renal Failure which is as- 
sociated with all the larious forms of traumatic 
and toxic injur) In another place (30) these 
renal lesions have been compared, m their merg- 
ing patterns that he between two types of struc- 
tural alteration, nephrotoxic and tubulorhexic, to 
the gradation of spectral bands that, individual, 
yet blend to a continuum , m this spectrum each 
case presents its characteristic signature which is 
denied from the peculiar qualities of its clinical 
origin On such a spectrum the distinctive ele- 
ments of the renal lesion m EHF, such as its 
prominent Transition Penod and the Established 
Oliguna Phase with its causal relation to the 
interruption of unnary channels by the charac- 
tenstic subcortical zone of congestive hemorrhage, 
stand out in bnght lined contrast, appearances 
both functional and structural, are very similar 
and }et sharph different from those of Acute 
Renal Failure It would seem possible to re- 
soKe this apparent anomaly and rationalize our 
metaphor bi the recognition that the renal le- 
sion in EHF is Acute Renal Failure m an indi- 
\adual whose peripheral laiscular bed, including 
the renal, is atonic and permeable as a result of 
an infectious disease Thai’s experiments (17) 
haie remoied all doubts that infectious noxa can 
produce the \ascular disturbance of renal ischemia 
and Its distinctue tubulorhexic necrosis 

There still remains the task of establishing w hat 
the exact nature of the infectious noxa in EHF 


ma) be It has been shown that it does not have 
the characteristics of a histainme-like substance, 
and prehmmar) evidences of a speafic vasodilator 
substance that circulates in the plasma have so 
far proied inconclusne (31) As m the more 
fundamental problem of the nature of the causa- 
tive agent in the disease, it would seem that here 
lies hidden w'hat might prove to be the definitive 
contribution to the understanding of the renal le- 
sion in Epidemic Hemorrhagic Fever 
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Figure 25 

Fig 25 Outer Stripe of the Outer Zone of the Meduli a 
Below, the mtertubular hemorrhage is so extreme ts to obliterate tubules , alxive, in the 
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Figure 34 

Fig 34 Case 43, Ditu on the Sixteenth Da\ of His Illness \nd in the Fifth Da\ of 
THE Diuretic Phase — Outer Cortex, Capsuiar Surface to Left 
The proxiiml convolutions arc lined with epithelium of their origiml normal type and the 
dilatation of the Oliguric Phase has disappeared The appearance siiireests that not miirh 
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Figure 41 

Fig 41 Mid Medulla Showing an Area of Hemorrhage Surrounding Collecting Tu- 
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Plate I (A to F) 



A complete nephron from Case 38 The orientation of the plates is sho^^’n m the line tracing 
The alterations are so slight that this plate ma 3 be taken as shouing, e.\cept where noted, the 
appearance of a normal dissected nephron stained with iron hcmatox>hn 

lA— The nuclei do not stain and so appear as clear round objects the mitochondrial sub- 
stance stains heanl}, the rodlets and granules indmduallj invisible due to the thickness of the 
tubule obscure the nuclei in the upper coniolutions where, in conformitj to the normal gradient, 
thej are most concentrated The glomerulus, dense black due to the mass of its tissue is 
normal m configuration the outline of the tuft within the capsule is faintlj Msifale. Oriei’nal 
magnification 200 X here reduced to 80 X 
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To tlie right the terminal segment of the proximal convolution At a it enters the sub- 
cortical zone of congestion It is shghtlj compressed and as a result there is some irregulantj 
of staining To the left the ascending limb is moderatel} dilated and consequents its irregu- 
lar!} thinned wall stains i-anabl} 




Plate IC 

As in IB, the middle third of the terminal segment of the proximal conrolution appears more 
dense than normal due to the pressure ot surrounding intertubular congestion 
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Plate ID 

The ternimatton of the pro\imal comolution to left, the capillar>-l!ke thin portion of Henle's 
loop was swept awaj during staining 
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Plate IE 

The loop of Henle a remnant of tlie narrow portion remains and passes into the thick 
portion which still descending, turns through the loop into the broad ascending hmb visible 
in ID C, and B Two small artifactual breaks are present near the loop 
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Plate IF 

Passage of the thick portion of the ascending hmb into the distal coniolution \Uiich laj inter- 
twined in the proximal contolutions of I A Except for an irregular dilatation (r/ Figure 1) 
winch produces i-ariable staining of its thin wall, the distal convolution is emptj and normal in 
configuration From the top of the plate the connecting tubule, not dilated joins the origin of 
a peripheral collecting tubule. 
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Plate III (A to D) 



AH that remained of a proximal coni-oiution from Case 28 for orientation see outline tracing 

I]I\ The irregiilanu of the glomerular contours is due to pressure of the co\er glass its 
configuration uas normal Beginning in the first loops of the con\oIution are irregular stretches 
of tubule ( I ) showing the tjpical tubulorhexic disruption of anoxia between these the tubule 
IS better preser\cd (Compare with Figures 20 21 and contrast with Plate lA ) Onginal 
magnification of 200 X, is here reduced to 80 X 
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Plate IIIB 

To the right, a loop of cortical proximal convolution which entered the zone of subcortical 
congestion and hemorrhage at a , to the left, loops of its medullary contmuation show increasmg 
disruptive damage. 
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Plate IIIC Terminal Medullary Portion of Proximal Conyolution Lying in the Zone 

OF Hemorrhage 

The entire extent of the tubule is almost continuously necrotia 
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Plate HID 

The terminal medullao segment fades into a wisp of necrotic tubule. 
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Plate IV A Loop of Hemx from the Same Case L\ing :'i the Subcortical Zone of 

Hemorrhage 

Scattered through the length of fairlj intact tubule are seen the tubulorhexic lesions of renal 
ischemia. At a, the bend of the loop, the lumen is filled t\ith solid matenal Ongmal magnifi- 
cation of 100 X IS here reduced to 40 X 
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Plate V Collectieg Tublles of the Same Case Lying in the Zone of Hemorrhage in 
THE Outer Stripe of the Outer Zone of the Medulla 

All show extensive segments of complete tubular necrosis which, with thar black stained con- 
tent of coagulated debris produces a marked irregularity in tubular outline At left, the luminal 
content is a solid cast, to the nght, scattered debris and desquamated cells are nsible. Original 
magnification of 100 X is here reduced to 40 and 20 X 


186 




PlJLTE VI (A TO B) 



Onentation of plates sho\vn m outline traang From the same case the formation of the 
penpheral collecting system b) the junction of the connecting tubules of 4 nephrons, 4 others 
base been removed, leaving only their connecting tubules attached- 

VIA Three distal convolutions (d) filled nith coagulum, which stains dense black and so 
obscures the tubule stall, are moderately dilated The connecbng tubules (c) are clear of ob- 
struction, but the central collecting tubule is solid with obstructing matcnal Note that all these 
tubules, though filled luth coagulum, are relataelj uell preseri'ed as compared to the procimal 
contolution of Plate III, thus showing the tjpical distribution of the lesions of ischemia in all 
forms of Acute Renal Failure. Original magnification of 100 X is here reduced to 40 X 
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Plate VIB Continuation of Tubules of VIA 

Note the dilatation of the ascending limbs on the left that lead to occluded distals 
lecting tubule in the center is filled with deepl> stained matenal 


The col- 
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Plate VII (A to D) 



OnentatJon of plates shomi in outline tracing A nephron from Case 31 m the Phase of 
Established Ohguna showung dilation throughout its length. 

Plate VII A The Cortical Portion or the Proximal Con solution 

Bowman s space is distended and the tuft compressed. Note larger afferent artenole enter- 
ing the polkissen’ and a stub of the narrower efferent After the first coil of proximal con- 
\olution the tubule is irregularly distended with resultant patchj thinning of its w^all Original 
magnification of 200 >" is here reduced to 80 X 
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Plate VIIB Continuation of Dilated Cortical Proximal Convolution 
Note the irregular thinnmg of the epithelial pattern in the distended portions 
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•iTE VIID The Dh-ated Distal Cowoluxion, Contaimkg Some D\rk Staimvg Debris, 
THE Connecting Tubule and Collecting Tubule All Well Preseri’ed 
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Plate VIII (A to C) 



The tracing shows the orientation of the three plates of a complete cortical short looped 
nephron from Case D, who died in the period of transition from oliguna to diuresis 

Plate VIIIA The glomerulus is of normal configuration, the dark spot on the afferent ar- 
tenole is a collection of "mjo epithelial” cells of the juxta-glomerular apparatus The greater 
part of the proximal consolution is dilated. As a result of atypical regeneration the epithelium 
of Its wall IS irregular m thickness, and redundant For histological appearance c/ Figures 32 
and 33 At a there is an incompletelj healed tubulorhexic lesion There are many desqua- 
mated epithelial cells in the lumen of the coniolution shown to the left Ongmal magnification 
of 200 X IS here reduced to 80 X 
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Plate VIIIB 

To the nglit the conUnuation of the proximal con\olution which, dilated and containmg des- 
quamated epithelial cells ends at a At b the thin portion of the loop passes to the thicker 
portion and through the loop ascends toward the distal coniolution 
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Plate VIIIB 

To the nght the continuation of the proximal convolution which, dilated and containing des- 
quamated epithelial cells ends at a At b the thin portion of the loop passes to the thicker 
portion and through the loop ascends toward the distal convolution 
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Plate VIIIB 

To the nght the continuation of the proximal conrolution which, dilated and containing des- 
quamated epithelial cells ends at a At fc the thin portion of the loop passes to the tlucker 
portion and through the loop ascends toward the distal com olubon. 
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From the same case. Onentabon of plates m hne tracing 

Pl.\te IXA Origin of the Peripheral Collecting Tubule System 

Fi\e connccbng tubules all filled wath deeplj stamed coagulated material, but intact, which 
laj beneath the capsule m the outer cortex The cellular pattern of the collecting tubule is 
normal and it is not filled wath coagulum Original magnification of 200 X is here reduced to 
SOX 
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Plate IXB The Same Collectinc Tubule ie Mid-Cortex 

Three more connecting tubules join the main tubule which, as shown bj its clear cellular pat- 
tern IS intact and emptj To the lower nght, a neighboring collecting tubule 
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Plate IXC Co^■^'JUA•^o^ of the Two Collecting Tubules into the Subcorucal Area ot 
Hemorrhage in the Outer Zone of the Medulla 

Below the lei el a, the damage to the epithehal cells is barely apparent in the loss of clanty 
of tlie nuclear pattern in the tubule to the left (cf see Plate IXB), and is obvious in that to 
the nghL 
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Plate IXD Continuation of the Two Collecting Tubules with Extensive Efitheliai. 
Neceosis of the Greater Part of Both 
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Plate IXE Comtnuation of the Two Collecting Tubules Including Their Junction 

IN Mid-Medulla 

Onlj the external configuration of the two tubules, now entirelj necrotic, remains After the 
tuning-fork junction the tubule continues, necrotic and filled with deeplj stained debris For 
histological appearance of similar necrotic collecting tubules, cf Figure 29 
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Pi ATE X (A TO B) Portion or Proximal Coniolution from Case 33 Wiio Died on the 
\ lNETEENTH DaN OF HiS IlLNESS AND IN THE TeNTII Da\ OF DlLRESIS 



« 

I 
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Plate XA 

Although the lumens of the proximal con\olutions appear large m histological section (cf 
Figure 40) as can be seen from the dissected speamen this is not due to dilatation of the tu- 
bule but to the irregular regeneration of its epithelial Mali (o) Origmal magnification of 
200 X IS here reduced to SO X 
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Plate XB The Distal Comolution of the Same Nephron 

\ duplicate pnnt of the glomerulus has been mounted in tlie position of its attachment to the 
tubule The ascending limb is essentialh normal The first half of the distal coniolution is 
irreguIarU dilated the second half filled with a large solid cast-hke mass which continues into 
the connecting tubule. 
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Plate XI (A to B) The Terminal Collecting Tubule and the Ducts of Bellini from 

THE Same Case 

In the normal kidnej these tubules show smooth, even contours wuth graduallj increasing 
diameters These are markedlj irregular both from the presence of the large renal failure 
casts of Addis that intermittent!} distend their lumen and from the irregular h}’perplastic pro- 
liferation of their epithelial cells Original magnification of 100 X is here reduced to 40 X 
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Pl\te XIB The Ducts of Bellim Entering the Renal Pel\ts 

The foot like appendage that joins thd three ducts below is a reflection of the pelvic epithelium 
\hich usualK remains attached in spite of dissection As has been observed, the tortuosity and 
rregularit} of contour is seen to be due to the masses of debns that fill the lumens as well as 
o the marked hjperplasia of epithelial cells of tlie walls of ducts For histological appearance 
/ Figure 41 Original magmfication of 17S X is here reduced to 80 X 
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It has been shotvn that red cells of blood col 
lected m aad-atrate dextrose (ACD) undergo 
changes in tlieir dimensions osmotic fragiht) 
permeability and metabolism dunng storage at 
4® C (1) Information concerning the effect of 
storage on the physical and chemical slates of 
soluble red cell proteins particularh hemoglobin^ 
IS not at'ailahle Such data may be of interest in 
view of the marked changes observed m the mo- 
bilit) and concentration of several proteins dunng 
the storage of plasma (2) This paper presents 
evidence from electrophoretic analyses that the 
concentration of components of extracts of red 
cells IS changed dunng storage of blood 

METHODS 

Healthy male medical students about 21 years of age, 
and anemic hospitalued patients served as donors 
Sterile precautioos uere taken in the collectioti storage 
and sampling of the blood As a rule 50 mL of blood 
was drawn from each individual before breakfast and 
collected in a 125 ml cotton plugged, sterile, Pyrex 
Erlemneyer flask contaming 12-5 mb ACD (MH SoL 
B) Stcnbied ACD-lno5li>e or ACD adenosine solutions 
were also used In the initial collection of blood. Stored 
blood ^\•a^ supplemented by calculated amounts of nu 
cleoside m a stcnlued saUne soluticm. Phenergan® 
(phenotHanne, 10 (2 dimethylamlnopropyl) hydroclilo 
ndc) disioU*^ m saline, was tterdlxed by filtration 
dutmeh an ultra fine fntted Pyrex glass disc, and the 
retpnred amounts ucrc added to the sterile ACD solu 
tion After removing a S-mk ahquot of bkxid for analy 
SIS the remaining blood was stored at 4 C. It was nec 
esiary to withdraw 10 ml aliquots for analysis if there 
was an excessive loss of red cells dunng the washing 
procedures or whenever tlie hematoent vnlucs of the 
blood were low 

The blood sample was centrifuged, tlic plasma and the 
top cellular layer wxre removed the cells were washed 
and Ivied at room temperature and clarified by ccnlnftt- 

1 This Investigation was supported by the Medical Re- 
seardi Development Board, Office of the Surgeon Gen 
eral Department of the Army under Contract No. 
DA-t9-007 MD 160 


pation in tlie refrigerator according to Drabkms pro- 
cedure (5) The first step m\-oIvcd washmg once wntli 
09 per cent haQ and three times with a per cent 
\aCl-0002S M AlCl* mixture. Clarified solutions were 
examined xmder oil immersion witli a phase micro cope 
without obsernng stroma or stroma filamenii. The 
hcrooglobm concentration of the cbnficd red cell ex 
tract was detennmed (4) and an appropriate N-olmnc wai 
diluted with distilled water to yield 5 ral of a 1.2 or I 4 
per cent hemoglobm solution. Tins solution was dia 
Ivzed, in the cold, against 001 \{ sodirnn cacodvlatc 
cacodyhc aad buffer (pH 6J) which was cliangcd three 
times during a 24 hour period Electrophoresis was 
done m a Klett ^fodel of tlic Titelius apparatoi using 
a microccll of 2 ml capaatj Tlie temperature was mam 
tamed at 2.0*001 C ClectroplioresU was allowed to 
proCTcd for 88 minutes with an open anode vessel and the 
boundanes were compensated (without hitcrrupUng the 
cuJTent) to the center of the cell Uie nm was continued 
for 30 additional minutes with a closed anode Missel 
Photoyraphi were taken b> Longsworth s scanning tech 
mque (5) using CTC panchromatic plates and a \\ rat 
ten ho 25 filter These paltcmi were better defined Ilian 
those obtained with the Ptulpot Svension cylindrical lens 
method. The aicending patterns were analjzcd by 
dropping bnes at the minima between boundaries (6) 
and wliere tliere vras no well-defined mmimom tlic same 
relative position of the pariitioiung ime was mamiaincd. 
The patterns of the descending limb were not analyzed 
because the boimdarles were poorly sefaralcd. 

The tests for osmotic fragility were similar to those 
rerommended br Schales (7) 

Adenosine and inosmc were purcliased from the No 
tntional Biochtmicals Corporation and from tlie Schwarz 
Laboratories Int ami the PhcncrganlD was obtained 
from Wyeth Inc. 

RESULTS 

Condtltons jor decirophorrsis oj red cell eriracis 

Aliquots of a red cell extract were nnaUied bj 
electrophoresis m cacodshitc buffer solutions (pH 
6 5) snth mohir concentrations of 0 1 0 075, 0 Oo 
and 0025 Under these cxpcnmental conditions 
a single boundarj is obtained wiUi the 0 1 M 
buffer The pattern obtained mth 0 075 il buffer 
shows a w cK-defined small and a large component 
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Fig 1 Electrophoretic PATTER^s op Red Cell 
Extracts 

(a) Freshlj drawn blood. 

(b) ACD blood stored SO da\s 



and a small shoulder on the leading edge of the 
front component Three well-defined boundanes 
(f, A and B) are observed in the 0 05 M buffer 
(Figure 1, a) The pattern of the 0 025 M buffer 
aliquot V as difficult to analyze because of excessive 
sharpening of the boundanes Aliquots of a red 
cell extract were adjusted to 1 25 per cent total 
hemoglobin and were analyzed at pH 6 4, 6 5 and 
66 without showang significant differences in the 
distnbution of the components In addibon, solu- 
tions i-atyung in concentration from 0 75 to 1 75 
per cent hemoglobin ivere analyzed at pH 6 5 and 
the results w'ere similar to those obsen'ed with the 
1 25 per cent solution As a result of these pre- 
hmman expenments, the red cell extracts were 
routinelj analyzed in a 0 05 M cacodj late buffer 
at pH 6 5 between 1 25 and 1 5 gm per cent hemo- 
globin Under these conditions, a steady electro- 
phoretic state, as defined by Hoch (8) and by 
Nichol (9), is obtained 


ACD controls 

The patterns of red cell extracts of freshly 
drawn ACD bloods from male students were ana- 
h zed bi the Philpot-Si ensson method The con- 
centration for component B was determined as per 
cent of the total area for the three components 


The average per cent concentration of component 
B for 12 subjects was 24 5 with mimmum and 
maximum ralues of 22 0 and 26 7, respectively 
The Longsworth scanning procedure gives values 
which are 6 to 10 per cent greater than by the 
Philpot-Svensson method 

Effect of storage 

ACD and ACD plus Phenergan®, uwstne and 
adenosine The effects of Phenergan®, inosine 
and adenosine on the concentration of component 
B and on the degree of hemolysis in 0 6 and 0 85 
per cent NaQ were determined on a single sample 
of blood in order to evaluate their relative effects 
(Figures 2, 4, 6, 7) A umt of blood (480 ml ), 
obtained from a healthy j^oung man (E S ), was 
collected in 120 ml ACD (NIH Sol B) and ali- 
quots w'ere supplemented wuth the test materials 

The values for the percentage distnbution of 
boundanes f, A and B are subject to errors in- 
herent in the Tisehus-Kabat hne-dropping pro- 
cedure (6) and in the dissj'mmetiy of the bound- 
anes Inspection of pattern b in Figure 1 indicates 
that component B is not present Nevertheless, 
the hne-dropping procedure makes it necessary 
to designate about 10 per cent of the total pat- 
tern as component B, when in reahty most, if not 
all, of this area represents the traihng foot of com- 
ponent A In presenting results for changes in 
terms of per cent of the ongmal component B 
concentration, values of 30 to 40 per cent may be 

X 



Fig 2 Effect of Storage of ACD Blood Supple- 

ilEKTED with PHE^EBGA^ ® (04 mM PER L BLOOD) ON 
Component B Concentration and on Osmotic 
FRACiLm 

The total hemoglobin concentration of the red cell 
extracts m this and subsequent expenments was about 
1.2 per cent. The figures 0 6 and 0 85 in this and other 
figures refer to the percentage concentration of NaCl 



ELECTKOPnORESlS OF EXTRACTS OF STORED RFt* CELLS 


227 



Fic 3 Etf ic t or SroiiAat or ACD Blood Surnr 
MtNTU) vmn Inosine (I) akd I^osr^’E and Pdener 
GAV^ (I-P) 

Inoiine (2^00 per 100 ml RBO and Phmergan® 
(0.4 mM per L. blood) were added Immedlateb after 
cx)llecticm «jf blood (E. S ) 

encountered for patterns having prncticaiiy none 
of this material present 

Phentrgan® The obsenmOon of Schales (7) 
that Phenergan^ retarded the rate of increase of 
osmotic fngiUty of red cells in 0 6 per cent NaO 
of ACD stored blood is confirmed as shown in 
Figure 2 The changes m the concentrations of 
component B m stored ACD and ACD-Phener 
gan® blood arc about the same There appears 
to be no relationship between the osmotic fragility* 
and the distribution of the components of the red 
cel! e?ctracts m these experiments 

A study of the effect of another phcnothiannc 
derivative, chloropromanne, ivas discontinued be- 
cause of its hemolytic properties 

Inositifi Donohue Finch and Gabno (10) 
imphcated inosine tlie product of adenosine de- 
amination, as the agent which is effective m eryth 
rocyte preservation and Gibno Donohue, Huen 
nekens and Finch (11) demonstrated that this 
nucleoside prolonged the viability of the red cell 
Data plotted m Figure 3 show the changes m the 
concentration of the component B in (a) ACD 
control (b) inosine and (c) inosme Phenergan® 
supplemented aliquots of a single blood during 
storage The concentration of component B re 
mams de\’ated for more than 60 days in the ino- 
sine-containing aliquots In contrast, the v’alucs 
for this component m the ACD aliquot increase 
dunng the first few weeks and subsequently de- 
crease at a comparati\ ely rapid rate Tlie osmotic 
fragihty of the inosmc Phcnergait® red cells in 
0 6 per cent NaQ is mucli lower than that of the 
inosme and ACD samples The ralues for the 


per cent hemolysis after 47 days of storage of 
aliquots a b and c are 61, 43 and 2S respecti\ch 
Inasmuch as the addition of inosine plus Phe 
nergan® to ACD blood had a profound effect on 
maintaining a high component B concentration 
and low osmotic fragility dunng storage additional 
data were obtained ^vlth samples of blood from 
three different donors (Figure 4) Ckinsidcrable 
mdmdual ranations are noted m these e.xpen 
meats The component B concentrations remained 
elevated dunng penods of about 40 to 60 days 
It w ill be noted that the extent of hemol\ sis in 0 6 
per cent VaQ is related to the time that the con 
centration of component B remains elevated 

Experiments were designed to determine the 
influence of -ramng concentrations of inosme on 
the electrophoretic patterns of stored blood In 
Figure 5 results are showm for three indixndiwl 
ACD bloods supplemented wnth 1) 2 500^ moles 
2) 1,250 moles and 3) 625 ft moles inosme per 
100 ml of red cells The data for bloods 2 and 
3 indicate that the rate of decrease in component 
B concentration is greater than that of \CD blcKid 
(Figure 2) After storage for 4S days 2,500/* 
moles and moles of inosine per 100 mb of 

red cells were added to bloods 3 and 2 respec 
Uvel) The results arc striking since the con 
centration of component B of blood 3 is cIe^'ated 
to the control Ie\cl and remains high dunng the 
penod of observ-ation The value for blood 2 is 
also elevated from about 40 to 85 per cent but 



Fio. 4 Emcrt or Stohace or ACD SumiMiNTa 
WITH iNosprt rtus Pue'iooav® 

Corm 3 2 and 3 rtproent daU for bloods from three 
healthy male donor*. Cooeentration* of inonne and 
Phowgan® are the *amc as those In the prenoo* expen 
ment (Figure 3) 
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Doys of Storage 

Fig 5 Effecl of Storage of ACD Blood Supple- 

ilENTED WITH \ ARWNG AmOLATS OF IaOSIAE 

Inosine was added to three difEerent bloods when drawn 
Sample 1 2 500 ft moles sample 2, 1,250 ft moles, and 
sample 3, 625 /i moles per 100 ml RBC After samples 
2 and 3 w ere stored for 4S da\ s 1,250 and 2 500 ft moles 
mosme per 100 ml RBC were added to the respectl^e 
bloods 



subsequent!} decreases at the same rate observed 
for blood 1 

The values for the per cent hemol}Sts in 0 6 
per cent NaCI of red cells of blood 1 are markedly 
increased after about 50 days of storage and prac- 
tically all the cells are hemolyzed after 90 days 
The osmotic fragilities of the red cells of bloods 
'hnd 3 are similar but are appreciably greater 
those of blood 1 during tlie first 40 days of 
The additional supplement of 2,500 
Is of mosme to blood 3 prevents tlie marked 
ucrease in osmotic fragility On the other hand, 
addition of a Smaller amount of mosme to blood 
2 Ins a temporar}" effect The increased values 
tor the per cent hemolysis of red cells of blood 2 
m isotonic saline after the second addition of 
mosme probabh reflect the lack of optimal 
amounts of nucleoside, which is undoubtedly con- 
cerned with the integrity of the stroma 

Adoiosiuc Component B concentration of 
ACD blood supplemented wnth adenosine remains 
ele\ated during a 60-da} penod of obseiv^ation 
(Figure 6) It wall also be noted that these red 
cells are more readily hemoh zed than those of the 
control ACD blood The addition of adenosine or 
mosme to ACD blood stored for 22 da}S is re- 
sponsible for mamtammg a prolonged, elevated 
component B concentration and for a decreased 
osmotic fragihts 

Effect of temperature Three aliquots of the 
ACD blood were stored at 4°, 20° and 37° C 


The results in Figure 7 show that the storage 
temperature has a pronounced effect on the con- 
centration of component B and on the osmotic 
fragility After 10 hours of storage at 37° C 
about 60 per cent of the original concentration of 
component B disappears A similar but not as 
marked a cliange is obsened after storage at 20° 
C Osmotic fragility is increased w ithin 48 hours 
after storage at 37° C, a corresponding value is 
obsen-ed at the end of 8 dai s of storage at 20° 
Bloods from anemic patients The data in 
Figure 8 show the changes m component B con- 
centrations during storage of 13 bloods from pa- 
tients w’lth anemia of primar}' and secondary' ori- 
gin The rapid decrease m values for red cell 
extracts from patients 1 to 5 is unusual and strik- 
ing The data for patients 6 to 8 fall wathm the 
range obsen-ed for control ACD blood dunng the 
first 30 days of storage The wilues for cases 9 
and 10 remain at a constant le\el during the pe- 
nod of observ'ation An unusually high concen- 
tration (36 per cent) of component B values for 
the er}throcvtes of patients 11, 12 and 13 is 


% 



Fig 6 Effect of Storage of ACD Blood Supple- 
MEKTED ivrrn Adeaosiae (Ad) aad with Inosike 
(In) 

At 0 days, a suspension of adenosine (2,500 n moles per 
100 ml RBC) ivas added to the blood (E S ) After 
storage of ACD blood for 22 days, adenosine (2,500 ft 
moles) was added and incubated for 1 hour at 37° C 
Inosme was added to blood under tlie same conditions 



SLECTBOPnOSlESlS 0^ 


extracts of Stored 


red cells 
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Frc 2 Errarr or Storage or ACD Blood (L. S ; u 
4 20 J“ C 


stnkiDg Tins is pniticulady true for tin case of 
Iymphoc>'tic Icuk-einia m vIulK th^ initial coiicen 
tration of component E (17 7 per cent} was the 
lowest value obsened in these cjcpciimcnts 

The osmotic fragilities of the red ccU m 0^ 
per cent NaQ from these anemic pati^mlw tend to 
be consistently below the vnlues abserved for 
red cells from healthy indiviauals Tht lack ot 
artv relationship bet\\cen tiie behavior / '"mi 
ponent B and osmotic fragihu la apparent m das 
group 

DisnjgsioN 

Evidence tor the heteroguieity of hem ^lob-- 
has been presented bv a number ot imestitpitcirs 
Geiger (12) first demonstrated tlie piescncc «>f tr-o 
different hemoglobins in the red c<*ll o( a rumhrr 
of speaes He found that tlic hemo^lobios couLi 
be separated most effectively if a r'd I extras 
was subjected to cataphoresu. Tt a low lonw 
strength Additional evidence wa^ proYided b> 
solubilit} studies (13) bj clectrophoresi'; (14- 
16) by OTygen capaaU measurements (17 IS) 
by chromatographic separation (19-21) and b> 
stabiUtv to alkaline denaturation (22-27 ) Scha 
pira Drtyfus and Kruh (28) were able to prove 
the existence of at least two hemoglobins after 
treating extracts of Fe*® labelled red cells of a 
single blood b\ alkTili denatiiraticm, electrophoresis 
paper chromatograph} and alumina chromatog 
raph} In addition^ globin prepared from hemo 
globms of several species wha found to consist 
of two components (29 30) Data presented in 
this paper show the presence of at least h\o pig 
mented boundanes or components in red cell 
extracts which are assumed to Ik, hemoglobins 
The idcntit} of each of the three boundaries 
observed m the electrophoretic patterns of red 


cell axtncts is not Knonn The fast moMno 
houndarj (component f) can be observed as a 
colo-Iess matenal and probabh represents tlic 
concenfmhon gradient ot the cacodjlic nad mex 
ture Expenments to test tins acre conducted 
b> comjnnng the areas of component £ after elec 
trophorcMng aliqnots of a red cell lieinoijsatc m 
001 It buffer into 0 047 0 050 and 0053 molar 
^c^jLite buffers (pH 6 a) m the ascending 
hmb The areas of this boundan uere smaller 
m Ue 004/ and greater m the OOaS mobr solu 
hoiL, uhich indicates that this boundan is due to 
the carodjlatt icn Components \ and B are 
deeply pigmented boundanes uliich arc assumed 
to be hemoglobins 

Deraen and Ke>naud (14) obsened hetero 
gencit) in 01 M cacodvlatc (pH 6 a) if eleclro- 
rKires- uns conbmied for a lufficienth long 
pel ' tnthtpiesentexpcnmcnts asmglcbound 
ji- btemed for red cell extracts u hen eleclro- 

pi*. iva-s (lone at pH 0 5 m 0 1 JI cacodj late 
I " !r I'-r nro hours and hetcrogeneitt was en 
a rrtd in 0 975 M and lo\ cr concentrations 
ai j Brejer (16) bclieae that hemoglobin 
' lu o set era! different elcinentarj units 

I 1 us rengths Dnnng the storage of 


/ I at n MicaoCTTirirrmiocwrc t»u 

/ > m « KTiuaiLUTTc L&kru 



1 C 20 fO 20 30 

Doy* tl '‘•c'ogt 


Tie, 8 ErFtCT Of STc**sur evr Biooo (ACD) of 
r\TiL. TS Tirr A OiiA 

T!ie patlcrru Irr lhci« v-cre olitained with the 

Philpot Svtnsjon cylmdnc^f ( Tt r clhod The numbers 
m pamvtbesc^ represent tlir o d\j ton cntmtion of com 
ponent B tlirse mlLr^ Tr ck ut lUO per cent. 

The sUppIcd area rt] rc cnl li c rerpe o' values for com 
ponent B concentralion of 12 h!f<,dv from holthj j niriR 
tnen. 
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One of tlic outstanding difficulties precluding 
le use of radioacti\e tracers for a detailed study 
I the dynamics of lipide metabolism in man has 
ten the lack of adequate raicromethods for the 
olation and identification of the major Iipidc 
nnplexes present in the plasma and the indi\ndual 
itty aads associated with these groups. In re 
hit years wth the advent of new chromato 
raphic procedures h\o significant nchic\ementfl 
ave occurred in tins sphere By the use of sihdc 
ad columns Borgstrom (1, 2) in 1952 and 
lUcnip and Mead (3) in 1953 separated lipide 
xtracts into sterol ester tnglycendc, free fatty 
ad and phosphohpide fractions Crorohie, 
<ombcr and Boatman (4) extended the merse 
^se partition chromatographic technique of 
ftowqrd and Martin (5) and while encountering 
bnsiderable overlapping of lones demonstrated 
le separation of milligram quantities of certam 
unmon saturated and unsaturated fattj aads 
rtained in natural mixtures 
^e present investigation wus undertaken m an 
prt to combine and modif> these methods m 
Ur to detcmimc (a) the nature and quantity 
the speafic higher saturated and unsaturated 
y adds that form ester linkages with the lipide 
plcxes of the plasma of man and (b) the rates 
rnthesls of these aads following the admmls- 
bn of ncetate-1 O* 

I itEtnODS AND SfATERTALS 

L The tepantion of the total Uhde extraet of the 
Ua inlo the total fatty acids of the sterol esters 
Vifflyccndes and the fhosf'holif^es 
y/rachon. Four pahenU with tfanflcd life expect 
f |ue to caranoma of the hmc wnthoul evidence of 

I worV. was sxipported by a grant (AT (30 1) 
jAim the Atomic Enerfry Commitilon. Additional 
tjDbtalncd from insutuUooal grants from the Ftdd 
j Frnid of Yak Unlwsity and the Amencaa 
Vxirty 


metastases were selected for rtndy All were considered 
to be in a good natntfonal slate and cHnlallj free from 
gross metaboHc diitiirbances. The subiects were main 
taioed on normal hospital diets during the course of the 
lorertlgatioa Two Imndred mlcrocones of acetate 1 C” 
(specific activity 1 0 me. per mM) were dissolved in a 
convenient volume of tap water and administered orally 
to all patients In the postabsorpUvt state on the morning 
of the experiment Serial blood samples of npproxi 
iiiately 60 ml. were taken in heparinized syringes be 
guraing one hour after the admaustration of acetate and 
continued at intervals for 96 hours. Thirty five ml of 
plasma was then removed after centrifugation and 
rapidly blown into a one liter Erlenmeyer flask contain 
ing 525 ml of a 4 1 mixture of dimethoxymcthane 
methanol (6) At this point in some prefirmnaty ex 
penments individual carbon 14 or trltram labelled Hpides 
of known specific acUnly * were tfissolvcd m one ml of 
petroleum ether and added to the flasL The mixture was 
allowed to boll momentarily by cauuoosly rotating the 
flask under a hot water tap. After cooling for fifteen 
oUnutes, with frequent swirling the mixture was filtered 
through an 1&^ cm. Whatman No 1 filter paper into 
a one liter round bottom flask ndth a side arm The 
preapitate was washed t'^^ce until an additional 30 mb 
of the dimethoxymcthane methanol mixture and the 
washings added to the Hpidc extract contained m the 
flask. The flask was placed on a constant temperature 
water hath maintained at 50 C and the dear yellow 
solution was concentrated to a small volume under re- 
duced pressure. Throughout this procedure oxygen 
free mtrogen was allowed to flow onto the surface of the 
hquid via the side arm. The capillary lip by which the 
nitrogen was delivered was not pbeed below the sur 
face of the liquid since this tended to induce excessive 
[aamlDg as evaporation proceeded. Forty ml of warmed 

*The bbelled radiochcmicals were obtained from tlie 
following sources a) Tnolein — courtesj of Dr Dand 
Kntchevsky American Cyanamid Co., Pearl Rircr 
N "V (7) b) Tnpalmitin, tmtearin, palmitic add and 
steanc aad — Isotopes Spenalllcs Co., Burbank. Cahf 
c) Sterol Ester — prepared according to the procedure of 
Borgitrdm (8) d) Phoipholipldes — prepared Ho^jn 
thetically fofloumg the admimslration of acetate 1-C” to 
a subject. The phospholipides of the lipide extract of the 
plasma were obtamed by preapiutlon unth cold acetone 
and etbanollc IfgCl folloued by repeated washmgi. 
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TABLE I 

Dutribultm of added radtoadhuy apptarint tn the rarioiu ckromatoempfud fradunts efphsma lifndes tn order of eluiton 








CombliKd 









fraetkm 





Eterot 

eften 

Trigmr 

FreefaUf 

sciilt 

fiteroi 

Free fattr 
addi+Steni] 
dated with 

Phoepho- 

llptoa 

Recorety 
at rsdk^ 



SOOraL 

JOOmL 

US ml 

ns mL 

US mL 

•etlrltr 

InipecdCc 



1% ether 
la pet. 
etber 

i%tOKT 
la pet. 
ctaer 

lO^etber 

SO% ether 

SOOml 

25% meth- 

Sol vest 
iVftnn 

Ridlnarthv 

tracer* 

la pet. 
ether 

la pet. 
ether 

SO** ether 

In pet. ether 

aaol In 
ether 

fnctioo 

frrerni 

A 

Tnoleln-H* 

19 

2 995 

79 

IS 


3 

96 


3 120 









Tripolmldn 1-C^* 

36 

14 750 

177 

34 


29 

97 


15 140 

Steanc aad 1 

30 

51 

6054 

5911 


71 

46 


13 040 

PalmitKadd 1 C“ 

37 

43 

5 105 

5 417 


84 

46 


11017 

Cholesterol •4-0* 

24 

97 

14 070 

5 890 


228 

28 


20 980 

Cholesterol -4-C‘* 

36 

106 

13 895 

6 037 


185 

24 


20 797 








B 

Sterol Ester 0*t 

8,508 

143 



24 

47 

98 


8 622 









Tnpalmltln 1-0* 

13 955 

Stearic aad 1 O* 

52 

13 987 



98 

26 

100 


26 

412 



11 521 

138 

98 


11 737 

Cholesterol -4-C‘* 

56 

145 



15 636 

238 

95 


16 336 









Phoiphollpide-O«t 

28 

83 



170 

1 715 

86 


1 991 


• Count* per minute added to the column 

t Typical example* of the •epaniticn of certain llpioe fractioot b> chromatography a-iih *Dteic odd odngx’anoui 
advent lyatenia. 


of 95 per cent ethanol and OJ ml- of 90 per cent atjueou* 
KOH A small Soxhlet ^«lter condenser ntm attached 
to the top of each flask, a stream of nitrogen tntrodoced 
via the side arm and the roatenal refluxed for 90 nun 
ntes in a boiUng vrater bath. During the procedure, 
evaporation of approximately SO to 75 per cent of the 
ethanol ocaarred- The samples were then removed from 
the bath and allo^-ed to cooL Five ml of H 0 and 
twenty mL of 95 per cent ethanol were added to each 
flask. The mix tu re was extracted three times w^th 
petroleum ether The petroleum ether washings were 
combined and washed once with alcoholic KOH. ThU 
ethanol wash was added to the original aqueoos material 
remaining in the flask and the petroleum ether extracts 
were then discarded. The mixture was made add to 
plienophthaldn with 6 N H,SO*. Ten to twenty ml o! 
H O were added and the mixture was then extracted 
three times witli 20-mL aliquots of petroleum ether The 
combined petroleum ether extracts were washed once 
with S per cent sodium bicarbonate, three times with dis 
tilled water and then dried over anhydrous sodium sul 
fate. The soUent was evaporated off under mtrogco at 
reduced pressure and the fatty add residue was trans 
ferred to a 25 ml volumctnc flask and brought up to 
volume wUh petroleum ether 
d) Auay Portions of these samples were then taken 
in duplicate, placed m small lest tubes and the solvent 
Woven off vdth a stream of nitrogen. The residue was 


taken up in 2 mL of 65 per cent aettooe in water (v/v) 
and two drops of bronithymol blue added. The total 
fatty adds of each class of hpides was then dclernuned by 
titrating the sample under nitrogen against 0005 N KOH 
in a microhurctte calibrated in 0 001 mL In experiments 
where radioactive tracers were employed, another sample 
was removed from the voloraeiric flask, transferred to a 
30-tnL counting vial (Kimble K 10 Opticlear") and 
evaporated to dryness. To this vial was added IS ml 
of toluene cemtaming 04 per cent of the phosphor 2,5 
dipheQ>Ioxaro!e and 0.005 per cent of the wave length 
shifter! 4-di [2 (5*phcnyIoxatoI>l) )-benzene (10) The 
radioactivity contained in the vial was dctcrmiocd In a 
dual channel liquid idntilUtion counter > wdiich had an 
cfBaency of 75 per cent for carbon 14 (with an II 1 
energy acceptance window and a background of 30 cpm.) 
and 22 per cent for tnUmn. All counts were corrected 
for background and counted to a standard error of 2 per 

Cfflt 

Part II The inlahon of individual higher ealuroted 

and mnsaturated fatty ands eotnmonly found in ester 

tinhage tn/A the major lipufe complexes 

a) Frr^rofion of tieselguhr columns Five pounds 
of "Hyflo S up er ct l* Oohns klanvillc) were thoroaghly 

•Technical Measurement* Corpoialioo, Vew Haven, 
Conn. 
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TABLE 1 

DulrSntlicn of addtd radtoadmJy appearing in ihe various ckromaiograpked fradtons of plasma hptdes in order cfeJuiien 


Solrtnt 

•fttem 

Badtoactlve 

tram* 

Seerot 
atm 
100 mL 

in pet. 
ether 

A 

Trioleln-H* 

3 120 

19 


Tripahnitin 1-0* 

15 140 

36 


Steoric aad 1-0* 

13 «0 

30 


Palmitlcacld 1-0* 

non 

37 


CholesteroM-C** 

20 980 

24 


Cholesterol *4-0* 

20 797 

3G 

B 

Sterol E*ter-0*t 

8 622 

8,508 


Tripahnitin 1 O* 

13 955 

52 


Stearic aad 1 O* 

11 737 

2e 


Choleiterol-d-O* 

16,336 

PhcHphoUpidc-C‘*t 

1991 

56 


28 


Trlrircer 

idia 

yoOmL 

3<Xctbcf 

In pet. 
ether 

Freafattr 

■rlria 

us ml 
lor ether 

In pet. 
ether 

Sterol 
223 mL 
Whether 
in pet. 
etha 

2 995 

79 

18 

14 750 

177 

34 

51 

6 054 

5911 

43 

S 105 

5 417 

97 

14 070 

5 890 

106 

13 895 

6 057 


143 
13 987 
412 
145 
83 


Com bi ned 


fraction 

Fr« fsttr 
nc*^4-SteTD) 
elated with 
100 mL 

30% ether 
tn pet. ether 

Fboepbo. 

UpUa 

223 mL 

137 meth- 
anol In 
ether 

Recorerr 
at radio- 
actirltr 
tnfpectfie 
frxctkm 
ftretuS 


3 

96 


29 

97 


71 

46 


84 

46 


228 

28 


185 

24 

24 

47 

98 

98 

26 

100 

a 521 

158 

98 

15 636 

258 

95 

170 

1 715 

86 


• Count* p«r ralnnte added to the columa. 

t Typial example* of the separation of cerUJn lipWe fractions by chromatography tsnth sflkte acW using various 
solvent syiteiTU. 


of 95 per cent ethanol and 07 ml of 90 per cert atmeou* 
KOH. A small Scnchlet water condenser was attached 
to the top of each flask, a stream of nitrogen fntrodoced 
via the aide ann, and the material refluxed for 90 mm 
ute* in a boiling water bath- Dunne the procedure, 
cvaporatloo of approximately 50 to 75 per cent of the 
ethanol occurred. The samples were then removed from 
the bath and allowed to cooL Five mL of H|0 and 
twenty mL of 95 per cent ethanol were added to each 
flask. The mixture was extracted throe times with 
petroleum ether The petroleum ether washing* were 
combined and washed once with alcoholic KOH, This 
ethanol wash was added to the original aqueous material 
remaining In the flask and the petroleum ether extracts 
were then discarded. The mixture was made add to 
phenophthaldn with 6 N H»SO*. Ten to twenty roh of 
H/D were added and the mixture was then extracted 
three times wdtli 20-ral, aliquots of petroleum ether The 
combined petroleum ether extract* were washed once 
w ith 5 per cent sodium Hcarbonate, three tunes with dis 
tilled water and then dried over anhydrous sodium sul 
fate. The solvent was evaporated off under ralrogen at 
reduced pressure and the fatty add residue was trans- 
ferred to a 25-mL volumetric flask and brought up to 
volume with petroleum ether 
d) Assay Portioiu of these sample* were then talren 
In dnpUcafe, placed m small test tubes and the solvent 
blown off with a •tream of nitrogen. The residue was 


taken op In 2 ml of 65 per cent acetone In water (v/v) 
and two drop* of bromtbymol bhie added. The total 
fatty adds of each class of hpides was then determined by 
btnitlng the sample under nitrogen againit 0 005 h* KOH 
In a microburetle calibrated In 0 001 ml In experiment* 
where radioactive tracer* were employed, another sample 
was removed from the volumetric flask, transferred to a 
30-mL counting vial (Kimble K 10 “Opticlcar**) and 
eiwponited to dryness To thl* vial was added IS ml 
of toIueBc containing 04 per cent of the phosphor 2,5 
dlpbenyloxarole and 0005 per cent of the tvave length 
shifter 1 dnii [2 (5 phenyloxaaolyl)]-bcnicne (10) The 
radioactivity ccmtalncd m the vul was dttennmed In a 
dual channel liquid tdatillallon counter* which had an 
efBacncy of 75 per cent for carbon 14 (with an 11 1 
energy acceptance window and a background of 30 cpm.) 
and 2Z per cent for tntiom. AU counts were corrected 
for background and counted to a standard error of 2 per 
cent 

Part II The tiolation of tndrtidual higher saturated 

and utisaJuraied fatty aetds commonly found in ester 

linkage wlh the major hpide complexes 

a) PrePoraiton of kieselgvhr columns Five pound* 
of “Hyflo SopcrceT (Johns Manrillc) were thoroushly 

•Teriuncal Measnrements Corporabon, New Ilavtn, 
Conn. 




238 


S E LIPSKY, A HAA^^K, C L HOPPER, AND R W MCDrvTTT 


phospholipide when higher concentrations of di- 
ethyl ether were used in the elution of “free fatty 
aads” and sterols from the column 

The quantities of total fatty aads found in ester 
hnkage with each of the major Upide complexes of 
the plasma are noted in Table II These values 
compare favorably with those obtained by indirect 
measurements ( 12) The fatty aads of the tngly- 
cendes in the post-prandial plasma ivere usually 
present m the highest concentration, followed 
by the fatty aads of the phosphobpides and then 
those of the sterol esters 

The results of the qualitabve and quantitative 
resolution of known mixtures of some of the com- 
mon straight-chain higher saturated and unsatu- 
rated fatty aads are depicted in Figures 2 and 3 
Highly satisfactory separation of hnolemc, Iinolac, 
palmitic or oleic and steanc acids ^vas accom- 
plished by using kieselguhr column 1 cm in 
diameter and 120 cm in height Preliminary ex- 
penments with shorter columns led to adequate 
resolution of palmitic and steanc aads However, 
considerable overlapping ivas noted in the zones 
distinguishing hnolemc from bnolac aad and hno- 
leic from palmitic or oleic aad As noted by previ- 
ous investigators (4), the presence of each double 
bond some distance from the carboxyl group 
iaused an aad to act like that of a saturated aad 
''^m^^ng a chain length of two less carbons Thus, 
jPbic, Iinolac, and hnolemc aads behave as and 
JK-e indistinguishable from Q,, C^, and C 13 straight- 
chain saturated aads, respectively Similarly the 
C;o tetraene, arachidomc aad (an acid not ai'ail- 


TABLE II 

The total fatly acids of the sterol esters, phosphohptdes 
and triglycerides 


Subject 

Fatti adds 
of sterol 
esters 

Fatty adds 
of phos- 
photipidcs 

Fatty adds 
of tri 
gb'cerides 


mz /too ml 

mz flOO ml 

mz /lOO ml 

j 

109 

130 

158 

s 

90 7 

118 

119 5 

V 

73 9 

102 6 

98 1 

D 

94 1 

134 

138 


able in pure form at this time) is theoreticahy 
eluted in a manner akin to that of the Qs tnene, 
hnolemc aad (Figures 2 and 3) or the saturated 
Ci; launc acid 

The chromatographic separation of the fatty 
aads of the sterol esters, the tnglycendes, and the 
phosphohpides of the plasma is depicted in Fig- 
ures 4, 5, and 6 It is noted that the predominant 
components of all fractions are presumably Iinolac, 
olac, palmitic, and steanc aads The various con- 
centrations of the individual fatty aads assoaated 
ivith the major Iipide complexes are listed in 
Table IH It should be stated that some titratable 
aadity, approximately two to four times that of 
the blank, occurred in the fractions eluted by 55 
per cent acetone in ivater (v/v) Although this 
may represent very small quantities of ather launc 
(13), hnolemc and arachidomc aads (4), or the 
products of partial oxidabon of some of the higher 
unsaturated acids, no defimte “hill and valley” elu- 
bon pattern ivas noted The very small band that 
did form tended to spread widely This ivas prob- 
ably due to the high water content of the solvent 
system employed under these arcumstances ( 4 , 
5) Since the small quanbbes of these aads that 
were recovered precluded further accurate chemi- 
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TABLE lit 

Tht dxrirxbuiunt of the individual folly aetdt oisociattd tnlk ike major Ufnde complexes tn the plasma of subject J* 



Ltooltlc 

HUd 

Olek 

add 

Stearic 

kU 

Film Hie 
acid 

Tout 
fattrftcUj 
of uuicr 

fnmpirw 

Percent fecoTCTT 
of total (attr 
sdda tdclrd to 
the eohuas 


me % 

"It % 

% 

•W % 

ms 54 


Sterd ester* 

57 7 

31 9 

2.2 

113 

103.3 


Triglyeende* 

18 9 

689 

13 

451 

140.2 

89 

Phospholipide* 

43 1 

312 

16 1 

23 1 

113J 


Per cent distribution of the Individual fatty aod* rectweml from the total fatty add extract 


33^ 

37 0 

73 

22.3 



Per cent distribution of the mdividoal fatty add* present In each major complex 

Sterol esters 

52 8 

30 9 

22 

n 1 



Tnfdyccride* 

13 4 

49 2 

5.2 

32.2 



Phospholipides 

37 9 

27.5 

14 1 

205 




* ObtaJoed by onalytU of the cKromatographiatlly teparated fnctlocs. 


recovered from the hieselgtihr column after Ac 
addition of this fraction Similarly 65 per cent of 
the titratable aadity associated with the phospho- 
hpides and 62 per cent of that found with the 
tnglycendea were attnbutable to these unsaturated 
aads Palmitic and steanc aada on the other 
hand were more v,idely distnbuted m the tngly 
cende and phosphohpide complexes with only 
small quantities noted in the sterol esters 
It IS highly probable that both the composition 
and concentration of the individual fatty aads as- 
sociated with each of the major llpide complexes 
vary considerably wth the diet (15-17) 

Incorporation oj acetate 1 O* into the fatty 
aads oj tnglyccndes the sterol esters and the 
phospfwhpides {Figure 7 Table IV) 

The appearance of radioactivity m the total 
fatty aads of the tnglj'cendes following the ad 
ministration of the 0*-labclled t\\o-carbon frag 
ment ^vas e xtrem ely rapid in all subjects The 
speafic activity of these substances m\’ambly 
reached a maximum at two hours declined sharply 
withm a 24-hoar penod and then sloaly dcchncd 
dunng the next 72 hours A semiloganthmic plot 
of the data demonstrates that decay does not oc- 
cur by a single exponential process and if addi 
tional points were taken o\er scicral more days 
the curves describing the decline of radioactivity 
probably could be resoUed into a senes of ex- 
ponential rates. Thus the calcubtion of a com 
posite half life for these £att> aads ^\'OuId not be 
\'ery meaningful at this fame. Undoubtedly a 


number of metabolic processes contribute to the 
disappearance of these materials from the blood 
stream (18) 

The curve dcscnbing the speafic acti\Tty of the 
fatty aads of the phospholipides increased more 
gradually to reach a plateau between 12 and 24 
hours at N\luch point it intersected the speafic ac 
favnty curve of the fatty aads of the Inglycendes 
and then fell off more slowly within the next 72 



Fia. 7 The iKCCtrottATTOv or Acetate l-C* ikto 
me Total Fatty Aom or tne TureLToaniES rnc 
Poosenounwis, ano the Sraot Esra$ or rnc Plasva 
or Subject J 
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the plasma, it seems likely that at least certain of 
the individual fatty aads of the phospholipides 
such as palmitic, steanc, and oleic acids are de- 
nved in part from or are exchanging with the fatty 
aads of the tnglycendes The same reasomng 
may apply to a limited extent to the fatty aads of 
the sterol esters However, the lack of adequate 
studies concerning the relative rates of synthesis 
of this fraction in the mammalian liver and its 
presence in other tissues precludes further specula- 
tion on this point 

Some information concerning the interconver- 
sion of fatty aads may be denved from an analysis 
of the relabve speafic activities of the individual 
aads It may be noted that despite the different 
concentrations of these substances in the plasma, 
the turnover rates of palmitic, steanc, and oleic 
aads within a major hpide complex are approxi- 
mately comparable Furthermore, the greatest 
degree of radioactivity ivas found in the palmitic 
aad fraction of each group, followed then by 
steanc and oleic aads It would appear, from the 
work of Dauben, Hoerger, and Peterson (27), 
that palmitic aad for the most part is sjmthesized 
directlj from tivo-carbon umts and the amount de- 
nved from the process of elongation of an inter- 
lediate fatty aad such as mynstic by the addi- 
on of a two-carbon fragment is exceedingly small 
)n the other hand, Stetten and Schoenhamer 
pS) and Zabin (29) have indicated that a signifi- 
ant quantity of steanc aad is formed by direct 
longation of the carbon chain of palmitic aad by 
wo-carbon atoms Furthermore, the formation 
f the monounsaturated olac aad probably occurs 
a a manner similar to that of the saturated aads 
ndeed. Anker (30) studied the relative distnbu- 
lon of the isotope in the vanous higher fatty aads 
iter feeding mynstic aad-l-O* to rats and con- 
luded that the 14 carbon atoms of mynstic aad 
lere utilized for carbon atoms 5 to 18 of olac 
lad by waj of palmitic and steanc acids A 
amilar investigation employing acetate-l-O* by 
Dauben, Hoerger, and Peterson (27) gave sup- 
lort to this postulate b> showing that the pattern 
)f distnbution of the isotope in the degraded un- 
aturated Cj* aads ivas idenbcal with that of the 
Kituratcd aads Additional information on the 
netabolic interrelationships of these aads w-as 
ironded by Weinman, Chaikoff, Dauben, Gee, 
ind Entenman (31) who found that when pal- 


mitic aad was catabolized in vxvo, it was primanly 
converted to small carbon units without any ap- 
preaable formation of aads of intermediary car- 
bon length In contrast, the catabolism of steanc 
aad (32), while similarty breaking down to 
short chain units, also gave nse to an appreaable 
quantity of palmitic acid The relative concentra- 
tion of O* in the palmitic, steanc, and oleic aad 
fractions isolated in this study would tend to sup- 
port the occurrence of these overall reactions in 
man Thus, it can be assumed that palmitic aad 
IS the major higher saturated fatty aad inter- 
mediate formed from acetate At least three 
pathway's seem to be involved in the further metab- 
ohsm of this acid First, some palmitic acid is un- 
doubtedly deposited in the fat depots as such 
Second, a quantity is utilized as fuel by breaking 
down to tivo-carbon fragments which can enter 
the tncarboxylic aad cycle and provide a source 
of energy Lastly, a portion of the palmitic aad 
pool IS converted to steanc aad Only small 
quantities of this Cjs acid are found in the plasma 
of man under normal circumstances Presum- 
ably much of this aad is either oxidized for energy, 
desaturated to form oleic aad or reconverted to 
palmitic aad 

The absence of appreaable radioactivity m the 
hnolac aad fraction of the major Iipide complexes 
of the plasma lends support to the contention that 
this diene cannot be detectably synthesized by the 
mammahan liver (19, 20, 22, 28) However, it 
has been shown recently by Mead, Slaton, and 
Decker (33) that at least the carboxyl carbon of 
Iinoleic aad can be utilized to a limited extent in 
the formation of some of the higher saturated fatty 
aads in the rat The metabolic pathivay in- 
volved in this reaction is not clear at this time It 
may be mediated via a higher unsaturated aad 
such as arachidomc which can be formed from 
a Imoleate denvative (20, 22) by the addition of a 
two-carbon fragment or by the direct conversion 
of linoleic acid to short chain or more intermediate 
units which then can be partially utilized in the 
synthesis of the saturated acids This latter con- 
cept seems to be the more likely possibility 

SUMMARY 

Certain speafic saturated and unsaturated fatty 
aads assoaated wnth the major hpide complexes 
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of the plasma of man v.ere isolated and measured 
by chromatographic methods The prcdommant 
fatty aad components of the sterol esters, the 
phosphohpides and the tnglyccndes were Imolcic, 
oleic, palmitic, and stcanc aads The largest 
quantity of imsaturated aads was noted in the 
sterol ester fraction The majority of the satu 
rated fatty aads were present m the tnglyccndes 
The rates of synthesis of the total and certain of 
these mdividual higher fatty aads of man follow 
mg the administration of acetate-1 O* were also 
studied* Some of the fatty aads of the phospho- 
hpides appeared to be denied m part from those 
of the tnglyccndes The tnglyccndes probably 
represent the major -n chicle for the transport of 
fatty aads m man as well as animals The high 
cst concentrations of radioactinty appeared m the 
palmitic aad fraction of each of the major Jiplde 
complexes followed by those in the stcanc and 
oleic aads The absence of demonstrable ac 
bvity m the isolated hnoleic fractioas signified 
the lack of endogenous formation of this polyun 
saturated fatty aad in man 
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the plasma, it seems likely that at least certain of 
the individual fatty aads of the phospholipides 
such as palmitic, steanc, and oleic acids are de- 
nved in part from or are exchanging with the fatty 
aads of the tnglycendes The same reasomng 
may apply to a hmited extent to the fatty acids of 
the sterol esters However, the lack of adequate 
studies concerning the relative rates of synthesis 
of this fraction in the mammalian hver and its 
presence in other tissues precludes further specula- 
tion on this point 

Some information concerning the interconver- 
sion of fatty aads may be denved from an analysis 
of the relative speafic activities of the individual 
aads It may be noted that despite the different 
concentrations of these substances m the plasma, 
the turnover rates of palmitic, stearic, and oleic 
aads within a major lipide complex are approxi- 
mately comparable Furthermore, the greatest 
degree of radioactivity was found in the palmitic 
aad fraction of each group, followed then by 
steanc and oleic aads It would appear, from the 
work of Dauben, Hoerger, and Peterson (27), 
that palmitic aad for the most part is synthesized 
directly from two-carbon umts and the amount de- 
nied from the process of elongation of an inter- 
mediate fatty aad such as mynstic by the addi- 
tion of a two-carbon fragment is exceedingly small 
n the other hand, Stetten and Schoenheimer 
28) and Zabm (29) have indicated that a signifi- 
cant quantity of steanc acid is formed by direct 
elongation of the carbon chain of palmitic aad by 
t\\o-carbon atoms Furthermore, the formation 
of the monounsaturated olac aad probably occurs 
in a manner similar to that of the saturated aads 
Indeed, Anker (30) studied the relative distnbu- 
tion of the isotope m the vanous higher fatty aads 
after feeding mynsbc aad-l-C* to rats and con- 
cluded that the 14 carbon atoms of mynsbc aad 
■were ublized for carbon atoms 5 to 18 of oleic 
aad by way of palmibc and steanc aads A 
similar invesbgabon employing acetate-l-C** by 
Dauben, Hoerger, and Peterson (27) gave sup- 
port to this postulate by shomng that the pattern 
of distnbubon of the isotope in the degraded un- 
saturated Cl, aads was idenbcal wnth that of the 
saturated aads Addihonal informabon on the 
metabolic mterrehbonships of these aads was 
pronded bj Weinman, Chaikoff, Dauben, Gee, 
and Entenman (31) who found that when pal- 


mitic aad was catabohzed in wvo, it was primanly 
converted to small carbon units without any ap- 
preciable formation of acids of intermediary car- 
bon length In contrast, the catabolism of steanc 
acid (32), while similarly breaking down to 
short chain units, also gave nse to an appreciable 
quantity of palmitic acid The relative concentra- 
tion of in the palmitic, stearic, and oleic acid 
fractions isolated in this study would tend to sup- 
port the occurrence of these overall reactions m 
man Thus, it can be assumed that palmitic acid 
IS the major higher saturated fatty aad inter- 
mediate formed from acetate At least three 
pathways seem to be involved in the further metab- 
ohsm of this acid First, some palmitic aad is un- 
doubtedly deposited in the fat depots as such 
Second, a quantity is utihzed as fuel by breaking 
down to two-carbon fragments which can enter 
the tricarboxylic aad cycle and provide a source 
of energy Lastly, a portion of the palmitic aad 
pool IS converted to steanc aad Only small 
quantities of this Q, acid are found in the plasma 
of man under normal arcumstances Presum- 
ably much of this acid is either oxidized for energy, 
desaturated to form oleic acid or reconverted to 
palmitic aad 

The absence of appreciable radioactivity m the 
linoleic aad fraction of the major hpide complexes 
of the plasma lends support to the contention that 
this diene cannot be detectably synthesized by the 
mammalian liver (19, 20, 22, 28) However, it 
has been shown recently by Mead, Slaton, and 
Decker (33) that at least the carboxyl carbon o 
linolac aad can be utilized to a limited extent i 
the formation of some of the higher saturated fatti 
acids in the rat. The metabolic pathway in 
volved in this reaction is not clear at this time I 
may be mediated via a higher unsaturated aa 
such as arachidonic which can be formed fro 
a hnoleate denvative (20, 22) by the addition of 
tivo-carbon fragment or by the direct conversio 
of linolac aad to short chain or more intermedia 
units which then can be partially utilized in t 
synthesis of the saturated acids This latter coi 
cept seems to be the more likely possibility 

SUMMARY 

Certain speafic saturated and unsaturated fat 
aads assoaated with the major hpide complex 
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of the plasma of man Nvere isolated and measured 
by chromatographic methods Tlie predominant 
fatty aad components of the sterol esters tlic 
phosphohpides and the tngljccndes \\ere Unolcic 
olac, palmitic, and steanc aads The largest 
quantiU of unsaturated acids ^\TLS noted m the 
sterol ester fraction The majority of the satu 
rated fatty aads uerc present in the tnglycendcs 
The rates of synthesis of tlie total and certain of 
these individual higher fatt> acids of man follow 
ing the administration of acctatc-1 O’ were also 
studied Some of the fatty aads of the phospho’ 
hpldcs appeared to be dtnved m part from those 
of the tngl^cendes The tnglycendcs probably 
represent the major \ chicle for the transport of 
fatty aads in man as well as 'inimals The high 
est concentrations of radioactivity appeared in the 
palmitic aad fraction of each of the major lipidc 
complexes, followed by those m the steanc and 
oleic aads The absence of demonstrable ac 
Uvity m the isolated Imoleic fractions signified 
the lack of endogenous formation of this polyun 
saturated fatty aad m man. 
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the plasma, it seems hkel} that at least certain of 
the mdmdual {att> aads of the phospholipides 
such as palmitic, steanc, and oleic acids are de- 
m ed in part from or are exchanging wnth the fattj 
acids of the tngljccndes The same reasoning 
maj appl> to a limited extent to the fattv acids of 
the sterol esters Ho\\c\er, the lack of adequate 
studies concerning the relatne rates of S 3 'nthesis 
of this fraction in the mammalian Iner and its 
presence in other tissues precludes further specula- 
tion on this point 

Some information concerning the interconver- 
Sion of fatt} acids may be dem ed from an analysis 
of the relatne specific acbvities of the individual 
aads It may be noted that despite the different 
concentrations of tliese substances in the plasma, 
the tummer rates of palmitic, steanc, and oleic 
aads unthin a major lipide complex are approxi- 
mately comparable Furthermore, the greatest 
degree of radioactivity was found m the palmitic 
aad fraction of each group, followed then by 
steanc and oleic aads It u ould appear, from the 
•work of Dauben, Hoerger, and Peterson (27), 
that palmitic aad for the most part is synthesized 
directly from two-carbon umts and tlie amount de- 
nied from the process of elongation of an inter- 
mediate fatty aad such as mynsbe by the addi- 
" of a tu o-carbon fragment is exceedingly small 
le other hand, Stetten and Schoenhamer 
1 nd Zabm (29) have indicated that a signifi- 
quantity of steanc aad is formed by direct 
ngation of the carbon chain of palmitic aad fay 
\ o-carbon atoms Furthermore, the formation 
of the monounsaturated oleic aad probably occurs 
in a manner similar to that of the saturated acids 
Indeed, Anker (30) studied the relative distnbu- 
tion of the isotope in the vanous higher fatty aads 
after feeding mymstic aad-l-O^ to rats and con- 
cluded that the 14 carbon atoms of mynsbe aad 
uere ublized for carbon atoms 5 to 18 of olac 
aad by way of palmibc and steanc acids A 
similar imesbgabon employing acetate-l-C* by 
Dauben, Hoerger, and Peterson (27) gave sup- 
port to this postulate by showing that the pattern 
of distnbiibon of the isotope in the degraded un- 
saturated Cj, aads was idenbeal wnth that of the 
saturated aads Addibonal informabon on the 
metabolic interrelationships of these aads was 
pronded by Wanman, Chaikoff, Dauben, Gee, 
and Entenman (31) uho found that when pal- 


mibc and iras catabolized in vwo, it was primanly 
converted to small carbon units \vithout any ap- 
preaable formation of aads of intermediary car- 
bon length In contrast, the catabolism of steanc 
aad (32), while similarly breaking down to 
short chain units, also gave nse to an appreaable 
quantity of palmibc acid The relabve concentra- 
bon of in the palmibc, steanc, and oleic aad 
fractions isolated m this study would tend to sup- 
port the occurrence of these overall reacbons in 
man Thus, it can be assumed that palmitic acid 
IS the major higher saturated fatty acid inter- 
mediate formed from acetate At least three 
pathways seem to be involved in the further metab- 
obsm of this acid First, some palmibc acid is un- 
doubtedly deposited in the fat depots as such 
Second, a quanbty is ublized as fuel by breaking 
down to two-carbon fragments which can enter 
the tricarboxylic aad cycle and provide a source 
of energy Lastly, a portion of the palmibc acid 
pool is converted to steanc aad Only small 
quanbbes of this acid are found in the plasma 
of man under normal arcumstances Presum- 
ably much of this acid is either oxidized for energy, 
desaturated to form oleic aad or reconverted to 
palmibc aad 

The absence of appreciable radioacbvity in the 
hnoleic aad fracbon of the major lipide complexes 
of the plasma lends support to the contenbon that 
this diene cannot be detectably synthesized by the 
mammahan liver (19, 20, 22, 28) However, it 
has been shown recently by Mead, Slaton, and 
Decker (33) that at least the carboxyl carbon of 
hnolac acid can be ublized to a limited extent in 
the formabon of some of the higher saturated fatty 
aads in the rat The metabolic pathway in- 
volved in this reaefaon is not clear at this bme. It 
may be mediated via a higher unsaturated aad 
such as arachidomc which can be formed from 
a hnoleate derivabve (20, 22) by the addibon of a 
tu o-carbon fragment or by the direct conversion 
of Iinoleic aad to short chain or more intermediate 
units ivhich then can be partially utilized in the 
synthesis of the saturated acids This latter con- 
cept seems to be the more likely possibility 

SUMMARY 

Certain speafic saturated and unsaturated fatty 
aads assoaated mth the major lipide complexes 
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of tlic plasma of man were isobtcd and measured 
by chromatographic methods Tlic predominant 
fatty nad components of the sterol esters, the 
phosphohpidcs, and tlic triglycerides were hnoleic, 
oleic palmitic, nnd stearic aads The largest 
quantity of unsatunted aads was noted in the 
sterol ester friction Tlic majonty of tlic satu 
rated fatty aads were present in the triglycerides 
The rates of synthesis of the total and certain of 
these individual higher fatty acids of man follow 
ing the administration of acetate 1 O* were also 
studied Some of the fatty aads of the phospho 
hpidcs appeared to lie denved in part from those 
of the triglycerides flic triglycerides proliably 
represent the major vcliiclc for the transport of 
fatty acids in man as well ns animals Tlic high 
cst concentrations of radioactmty appeared In the 
jialmiUc add fraction of cadi of the major Hpldc 
complexes, followed by those in the stearic and 
olac aads Tlic nliscnce of demonslmblc nc 
tivity m the isolated hnolcic fractions signified 
the hek of endogenous formation of this polyun 
saturated fatty add In man 
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! j- I — ' li'cl\ th,it -'t Ic-’sr ccrnin of 
-t T ' f-\\ -’cd'; o' the pho'p’iolipidcs 

, . ,, p-l— • c ‘ <-"c •'re! o’c c nculs ire dc- 

r* - p'^t 'c'-r O' ire c’^chiririn:; ^\^0l the fatt} 
" 0 t’ e t'i::.\cc'rdcs The ■^imc rei'^oning 

- - *■, p’. o 1 1 n ‘cd c-'-tent to the iitU lads of 

< r'o' c'T" Ho\ c\cr, the hcl- ot idequite 
t f !■< c'-v OK'ing the rc’itne ntes of synthesis 
ff •hi'; '"ctici 11 the nnnimihin Incr ind its 
, -f in o he' tissues precludes further •^pccuh- 
t n 01 thi"; print 

— ie inio'mitioi corceming the intcrcon\er- 
‘ r- of ritt\ 'ads nn\ be dcn\cd from in nnihsis 
o'' tl e rchtuc specific ictnitics of the induiduil 
-’ids It mi\ be noted ihit despite the different 
cr"crtntiois of these substances in the plasmi, 
tie tiimo.cr rates of palmitic, steanc, and oleic 
•'ck’s \ ithin 1 major lipide complex are approxi- 
m.ch comparable Furthermore the greatest 
d-grcc of radioactiMt\ was found in the palmitic 
acid fraction of each group, followed then b\ 
s'earic and oleic aads It would appear, from the 
wnrl of Dauben Hoerger, and Peterson (27), 
tint palmitic acid for the most part is sjmthesized 
direct!; from tv o-cnrlion units and the amount de- 
nied from the process of elongation of an inter- 
undiatc fatt; aad such as minstic bj the addi- 
tici o' a two-carbon fragment is cxcccdingl} small 
Oi the other hand Stetten and Schocnheimer 
(28) and Zabin (29) ha\e indicated that a signifi- 
cant quantit; of steanc acid is formed b; direct 
clrugatioi of the carlion chain of palmibc acid bp 
tv o-carbon atoms F urthcrmorc, the formation 
of tha monoiinsaturatcd oleic aad probablj occurs 
m a manner similar to that of the saturated aads 
Indeed AnVer (30) studied the relatue distnbu- 
tion o' the isotope in the various higher fattj aads 
after feeding mnastic aad-l-O* to rats and con- 
cluded tl at the 14 carbon atoms of mjTistic aad 
;\crc utilized for carbon atoms 5 to 18 of oleic 
"Cid b in; of palmitic and steanc acids A 
'miliar in; cstigation cmploaing acctatc-I-0‘ bj 
Daulicn Hoerger, and Peterson (27) ga\c sup- 
pi't to this [Kistulatc b; showing that the pjattem 
o' distnb itim of the iso'opie in the degraded un- 
'a'unted C,, acids vas identical ;\ith tliat of the 
'curived aads Additional information on the 
•"e'abo’ c in’CTelatioiships of these aads was 
p-caied b_i \\ c rmar Chailoft, Dauben, Gee, 
a-'d E^’erman (31) who found that ;\hen pal- 


mitic aad asms catabolized in I’ivo, it ;;as pnmanly 
comerted to small carbon units without any ap- 
preciable formation of aads of intermediary car- 
bon length In contrast, the catabolism of steanc 
acid (32), while similar Ij breaking down to 
short chain units, also ga; e nse to an appreaable 
quantit; of palmitic acid The relative concentra- 
tion of C'* in the palmitic, stearic, and oleic aad 
fractions isolated in this study would tend to sup- 
port the occurrence of these overall reactions in 
man Thus, it can be assumed that palmitic aad 
IS the major higher saturated fattj' acid inter- 
mediate formed from acetate At least three 
pathwaj s seem to be involved in the further metab- 
olism of this acid First, some palmitic acid is un- 
doubtcdlj deposited in the fat depots as such 
Second, a quantity is utilized as fuel by breaking 
do;\ii to two-carbon fragments wluch can enter 
the tncarboxylic acid cjcle and provide a source 
of cnergj Lastly, a portion of the palmitic acid 
pool IS converted to steanc aad Only small 
quantities of this Cu acid are found in the plasma 
of man under normal circumstances Presum- 
ably mucli of this acid is cither oxidized for energy, 
desaturated to form oleic aad or reconverted to 
palmitic aad 

The absence of appreciable radioactivity in the 
linoleic aad fraction of the major lipide complexes 
of the plasma lends support to the contention that 
this diene cannot be delectably synthesized by the 
mammalian liver (19, 20, 22, 28) Hoivever, it 
has been shown recently by Mead, Slaton, and 
Decker (33) that at least the carboxyl carbon of 
hnolcic aad can be ublized to a limited extent in 
the formation of some of the higher saturated fatty 
acids in the rat The metabolic pathivay in- 
;ol;cd in this reaction is not clear at this time It 
maj be mediated via a higher unsaturated acid 
such as arachidonic ivhich can be formed from 
a linoleatc denvativc (20, 22) by the addition of a 
two-carbon fragment or by the direct conversion 
of hnolcic acid to short chain or more intermediate 
units which then can be partially utihzed in the 
synthesis of the saturated acids This latter con- 
cept seems to be the more likely possibility 

SUMMARY 

Certain sjicafic saturated and unsaturated fatty 
aads assoaated ;\ith the major hpide complexes 
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of the plasma of man were isolated and measured 
by chromatographic methods The predominant 
fatty acid components of the sterol esters, the 
phosphohpidcs and the tnglycendes were Unoleic, 
oleic, palmitic, and steanc aads The largest 
quantity of unsaturated aads Avas noted in the 
sterol ester fraction The majonty of the satu 
rated fatty acids were present m the tnglycendes 
The rates of synthesis of the total and certam of 
these individual higher fatty aads of man foUow- 
mg the administration of acetatc-1 were also 
studied Some of the fatty aads of the phospho- 
hpides appeared to be denvcd m part from those 
of the tnglycendes The tnglycendes probably 
represent the major vehicle for the transport of 
fatty aads in man as well as animals The high 
est concentrations of radioactivity appeared m the 
palmitic aad fraction of each of the major hpide 
complexes foUoiNcd by those in the steanc and 
oIcic aads The absence of demonstrable ac 
tivity m the isolated linolcic frachons sigmfied 
the lack of endogenous formation of this polyun 
saturated fatty aad m man 
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The present study i8 concerned with the manner 
in which a segment of artenal blood flows through 
the vessels of the human forearm Speafically it 
IS directed tow’ard ans\\enng the question whether 
blood flows as a umt or is distnbuted into chan 
nels with varying rates of flow The expen 
mental procedure employed has as its basis the 
fact that the forearm circulation is small m com 
panson to that of the total bodj 

Volume dilution methods as commonly cm 
ployed for measuring either cardiac output or total 
blood volume require a dose of dye or other 
labelling material suffiaently large to produce sig 
nificant concentrations m the general arculation. 
In the cardiac output method only the upslopc, 
peak and first portion of the downslope ma> be ob- 
tained before distortion occurs due to contamina 
tion mth recirculating labelled material 

In the forearm, however only a small quantity 
of dye or other labelling substances injected mto 
the brachial artery produces casil> measurable 
concentrations in the effluent veins The portion 
of tins small dose of dye which escapes into the 
general arculation becomes so well diluted that 
its concentration in vessels elsewhere m the body 
cannot be detected by ordinary spectrophotometne 
methods Hence, the washout of the d> ed segment 
of forearm arterial blood can be studied without 
contamination or distortion by iigmficant amounts 
of rearculating injectate 

The purpose of this investigation w-as not to 
measure absolute blood flow of the forearm and 
hand The \'alidity of indicator dilution methods 
has not been established for making such measure- 
ment in a peripheral area which has multiple vc 

1 Supported m part by research granU from the N» 
Uonal Heart Inrtitute, National Institutes of Health 
U S Pubbe Health Service and the Squibb Institute for 
iledical Research, New Brunswick N J 

2 Helen H Mlllenson Memorial rellow iletropoUtan 
Heart Guild, ^\alhl^ctcn, D C 


nous drainage (1) Rather the concern was with 
the characteristics of the uncontaminated down 
slope of the labelled blood in the area drained by 
the particular effluent vein being sampled 

MATERIALS A^D METHODS 

The fubjects either were normal or patients on the 
hospital wards They \verc all yountf or early middle- 
aged males. AU patients were afebnle and ambulatory 
for at least one week prior to serving as tubiects for these 
expcnmenls. None were loffcnng from diseases of the 
cardiovascular system. 

The method was similar to that described In a previ 
ous comimmicancin (2) except that the amount of dye 
Injected was smaller One-fourth mL of a 0,5 per cent 
•oluUoQ of the bhe dye T 1824 was diluted In a mixture 
contaimng 3.5 ml of deuterium onde m saline and 0,2 
ml of 5 per cent sodiom thiocyanate in distilled water 
Three ml of this mixture was injected Into the brachial 
artery through a 20 gauge needle attached to a three- 
way stopcotic Thiocyanate and dentenum oxide were 
added to the mixture in order lo study the time-con 
centration curves of these permeable substances, as will 
be described m future reports. 

Immediately folbwbg tlie injection sampling was be 
gun through a 17 gauge "tlnn walled** needle threaded 
well into a large antecubital vem. Whenever possible 
a vem was chosen which appeared to drain the deep as 
well as the superficial structures Samples were col 
lected m the manner described previousty (2) usually 
at intervals of 2 seconds then 20 sccood intervals lo 4 
minutes then 5 6 8, 10 12 and 15 rainirtes respectively 
A sample was withdrawn from a vein In the opposite arm 
3 lo 5 romutes after the injection In order to rule out the 
possibility of sigmficanl ainovmls of rearculating bbclled 
material 

Several precautions were necessary to insure valid 
results- The needle In the vein was directed against the 
stream of flow and Uic bevel so placed os to provide 
good outflow and adequate samples. Scanty samples re- 
sulted when the bevel was against the side of the van, 
producing distorted curves probably due to delay and 
mixing in the needle and collecting catheter In cases 
m which an adequate outflow could not be obtained 
(less than QJ mL of blood per second) the results were 
discarded. Tlie arterial needle also must be wtII placed, 
permitting unobstructed injection of Uic tracer materials 
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which the dvc appeared and rapidly increafted in 
concentration forming a steep ascending phase 
lasting generally a feiv seconds The curve fell 
away at first rapidly and then more slowly The 
transition between the early and late phases of the 
downslopc either was abrupt or connected by a 
short transition tone. The two phases of the 
downslope both were exponential forming straight 
lines when plotted on semi log paper In 10 cases 
the early steep downslopc and later shallower 
downslopc were connected directly without an 
intervening transition zone (Figure la) In the 
remainmg 15 subjects a transition tone which 
Avas intermediate in gradient connected the early 
and late phases of the downslope (Figure lb) 

Although the majority of the curves showed 
clearly delineated biphasic downslopes there were 
some vanations from the type of curves illustrated. 
The vanations seen included irrcgulanty of up* 
slope, “sawtooth * or double peaks and small, late, 
third phase which iras either shallow cr or steeper 
than the preceding phase. These variations usu- 
ally were observed in the cases m which small 
samples were obtained presumably because of poor 
venous blood flow In the calculations which fol 
low, these variations were rounded ofF’ because 
they would be difficult to subject to mathematical 
treatment and were not representative of the ma 
jonty of the curves 

The biphasic downslopes were not due to differ 
ences in veloaty of blood flow through the hand 
as compared with the forearm In 9 subjects the 
hand ^vas excluded by mflating a cuff on the wnst 
to pressures 100 mm Hg above systolic pressure 
(Table I) Typical biphasic downslopes were 
seen m 8 of these cases In two subjects (A R. 
and E P Table I) the injection was made into 
the radial artery and sampling was earned out 
through a vein in the vmit, Muldphasic down 
slopes were obtained in both instances 

Analysis of the biphasic doivnslope info compo 
nsnts nnth difftrent floius and 

Reasons are presented m the discussion for be- 
Itcviog that the biphasic downslopes represent a 
rapid flow component producing the early steep 
downslope and a slower component producing the 
later shallow downslope. It was desirable to ana 
lyit these component parts quantitatively in terms 




Fia 1 GaAims Illusttlatiko Typicai. BmiAJnc 
This CoxcEirruAnoN Washout Slotcs m me Human 
FoazA*M 

Figure la (abore) Ultutratcs a simple biphauc tx 
poacntial curve. Figure lb (bekrw) shows a Hphatk 
carve with tnuasition zone. 

of flow and volume Absolute measurements of 
flow were not possible because the dve is not 
always distributed uniformly m the forearm (1) 
However the relative flows and relative volumes 
in the biphasic system could be determined using 
only the mean arculation tunes 

The solution was based on the ivcll knoisTi rela 
tionship that vascular volume from the point of m 
jection to the point of sampling is equal to blood 
flow mulbphed by the mean arculation time 
Thus V, the vascular volume of the rapid com 
ponent, was equal to f, (the flenv m this component) 
times tj (its mean arculation) Similarlj t, (the 
volume of the slow component) equalled fj times 
t, and V (the total ^•ascular volume of the seg 
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and the injection must be accomplished escnlv, gentl> 
and rather slow ly (OJ to 1 0 ml per second) in order 
to avoid artenal spasm Artenal spasm was recognized 
by a sudden temporao decrease in outflow from the ve- 
nous drainage needle. WTien this occurred the results 
were discarded. 

The djc concentrations in the plasma were deter- 
mined spectrophotometncallj using 1-ml cuiettcs It 
usualK was necessary to dilute the samples containing 
the peak dye concentrations (and the plasma blank) with 
saline in order to obtain accurate readings Occasional 
hcmolyzcd samples cither were discarded or were read 
after preapitating the protems of the sample and plasma 
blank wnth acetone. The resulting dye density values 
were plotted on semi-log paper Chromium” labelled red 
cells were prepared and the radioactivnty of the samples 
was determined by the method of Sterling and Gray (3) 

Mean arculation time was calculated as follows each 
concentration per unit time was multiplied by its rc- 


spectisc time from the midpoint of injection The sum 
of these products then was disnded by the sum of the 
concentrations The volume of the collecting system 
(needle, stopcock and collecting catlicter) was measured 
and appropnate correction made for delay in the catheter 

RESULTS 

Uncontaminated curves were obtained in 28 
subjects, m 25 wnth the dje T-1824 and m 3 with 
labelled red cells (Table I) A monophasic 
downslope w'as obtained in only 3 of these cases 
In the remaining 22 patients receiving the dye and 
in the 3 cases receiving Cr“‘ labelled red cells the 
downslopes were biphasic Representative bi- 
phasic curves are illustrated in Figure 1 After 
injection there was a brief, latent period following 


TABLE I 

Mean arcttlalton times and ratios of flaws and volumes in the forearm circulation 


Type of 


Care 

Age 

Dlasnosla 

curve* 

T 

u 

tt 

fi/f. 

Vi/m 

J c 

27 

UR.I 

M 

72 





C F 

28 

Tovic hepatitis, conval 9 w eeks 

B -f- tr 

35 

22 

95 

46 

1 1 

C H 

32 

URI 

B-tr 

70 

28 

105 

1 0 

02 

C T 

H F 

30 

30 

Atypical pneumonia 

LoDar pneumonia 

B-tr 

B-l-tr 

79 

27 

56 

25 

283 

66 

5 1 

19 5 

14 

7 5 

J G 

33 

Psychoncurosis 

M 

29 

SO 

178 

0 7 


G P 

43 

Peptic ulcer 

B-t-tr 

125 

0 2 

J 0 

31 

Diabetes mellitus 

B -f tr 

51 

18 

102 

1 5 

0 25 

R T 

31 

Idiojjathic pcncardibs 

B-tr 

61 

55 

210 

26 0 

6 8 

A G 

28 

Early cirrhosis 

B -htr 

63 

21 

128 

1 5 

0 25 

H W 

27 

Psychoneurosis 

B-htr 

38 

22 

140 

64 

1 0 

M W 

30 

Peptic ulcer (Cephalic vein) 

B -htr 

56 

30 

91 

1 3 

04 



(Mwian vein) 

B-l-tr 

65 

35 

101 

1 2 

04 

S M 

48 

Bronchial asthma 

B-tr 

51 

41 

119 

68 

2 3 

Hand only 
A R. 

31 

URI 

B -f- tr 

41 

31 

115 

74 

20 

E P 

40 

Peptic ulcer 

B -1“ tr 

67 

40 

ISO 

3 1 

08 

Forearm only 








J G 

36 

Erythema multiforme 

B -ftr 

35 

23 

139 

87 

1 4 

E C 

45 

Bursitis 

M 

114 

49 

239 



J H 

33 

Peptic ulcer 

B -1-tr 

102 

2 6 

05 

\V C 

32 

Urticaria 

B -tr 

32 

17 

86 

2 3 

05 

J E 

38 

No disease found 

B-tr 

70 

64 

349 

47 0 

8 5 

\V J 

27 

Diabetes mellitus 

B-tr 

110 

21 

176 

07 

0 1 

A M 

30 

Psychoneurosis 

B-tr 

90 

35 

136 

08 

02 

J M 

GE 

28 

Latent syphilis 

B-tr 

39 

26 

105 

5 0 

1 25 

24 

No disease found 

B-l-tr 

61 

22 

99 

08 

02 

Cr«> RBC 









E W 

34 

Peptic ulcer 

B - tr 

36 

32 

112 

19 0 

3 8 

B H 

54 

Essential hyjxirtension, mild 

B -1-tr 

27 

13 

116 

64 

07 

F M 

48 

Essential hypertension, mild 

B-l-tr 

17 

13 

64 

11 8 

24 



Mean and S D 


59 1 

31 4 

146 0 

76 

1 8 




±29 0 

±14 1 

±72 4 

±10 5 

±2 4 



Median 





5 1 

1 0 


• M >= Monophasic downslope B -f tr Biphasic downslope mth transition zone, B — tr = Biphasic down- 
slofie without transition zone. 
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which the dye appeared and rapidly increased in 
concentration forming a steep ascending phase 
lasting generally a few seconds The curve fell 
away at first rapidly and then more slowly The 
transition between the early and late phases o! the 
downslope either was abrupt or connected by a 
short transition rone. The two phases of the 
downslope both Mere exponential forming straight 
Imcs when plotted on semi log paper In 10 cases 
the early steep domislope and later shallower 
downslope were connected directly without an 
intervening transition rone (Figure la) In the 
remaining 15 subjects a transition rone whidi 
was intermediate in gradient connected the early 
and late phases of the downslope (Figure lb) 

Although the majority of the curves showed 
dearly delineated biphaslc downslopes there were 
some variations from the type of curves illustrated 
The variations seen included irregulanty of up^ 
slope, “saivtooth’ or double peaks and small late 
third phase which was either shallower or steeper 
than the preceding phase These vanations usu- 
ally were observed m the cases m which small 
samples were obtained presumably because of poor 
venous blood flow In the calculations which fol 
low these vanabons were * rounded off” because 
thty would be difficult to subject to mathematical 
treatment and were not representative of the ma- 
jonty of the curves 

The biphasic downslopes ircrc not due to differ 
cncea in veloaty of blood flow through the hand 
as compared with the forearm In 9 subjects the 
hand was exduded by inflating a cuff on the wnst 
to pressures 100 mm Hg above systolic pressure 
(Table I) Typical biphasic domislopcs were 
seen in 8 of these cases In two subjects (A R. 
and E. P Table I) the injection was made into 
the radial artery and sampling was earned out 
through a lem m the wnst Multiphasic down- 
slopes were obtained in both instances. 

Analysis of the biphasic dcnonslope into eompch- 
nenis with different fion>s and volumes 

Reasons are presented m the discussion for be- 
lieving that the biphasic downslopes represent a 
rapid flow component produang the carl> steep 
downslope and a slower component produang the 
later shallow downslope. It was desirable to ana 
lyze these component parts quantitatively in terms 




Fic. I GiAyns Iu.urniATinc Typicai. Biphasic 
T me CoxctjrraATTON Washow Stores iw rnc Huwax 
Foizaam 

Figure la (above) jUustrates a jlrople Wphaslc ex 
poncntial curve. Figure lb (below) fhow» a biphasic 
curve with transition lone. 

of floiv and volume. Absolute measurements of 
flow were not possible because the d}e is not 
always distributed uniformly in the forearm (1) 
However the relative flows and relative itilumcs 
m the biphasic sjstem could be determined usmg 
only the mean arculation times 
The solution was based on the well knowm rela 
tiODship that vascular wlume from the point of m 
jection to the point of sampling is equal to blood 
flow multipbed by the mean circulation time 
Thus V, the vascular volume of the rapid com 
ponent, was equal to f, (the flow in this component) 
tunes t, (its mean arculation) Similarly v, (the 
volume o! the slow component) equalled f, times 
and V (the total vascular \oIume of the seg 
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DISCUSSION 

Several hj-potheses can be ad\-anced to explain 
the observed biphasic S3 stem The first to be con- 
sidered IS differences in path lengths According 
to Wiggers (4) the leloati^ of blood flow in the 
i-anous subdivisions of the rascular tree vanes 
inversely with the cross sectional area, decreasing 
graduall} in the arteries from an aortic leloaty 
of 18 cm per second, slowing abruptly in the ar- 
tenoles and capillanes where leloaties of ap- 
proximately 5 mm per second exist, and increas- 
ing again in the large veins to 5 or more cm per 
second Assuming the longest probable path 
length in the forearm to be SO cm for both artenal 
and larger venous segments, 4 cm for the artenole, 
2 cm for the capillary, 4 cm for venule and 10 
cm for the small venous segments, and employ- 
ing conservative estimates of veloaty in these seg- 
ments, transit through the longest pathw av w ould 
be less than 30 seconds This fails to agree wnth 
the mean circulation times obsen'ed m the pres- 
ent expenments, since mean t- was 141 seconds 
or approximately 5 times the duration required 
for blood to flow through the longest pathway on 
the basis of presently assumed mean veloaties 

( 4 ) 

The actual distnbution of path lengths in the 
forearm would be expected to follow a t3'pical 
population or “bell-shaped” distnbution curv’e 
If the veloaties of flow were uniform in each 
subdn ision throughout the forearm and difference 
in path lengths was the only loanable, the down- 
slope would be monophasic, the ascending limb 
representing the shortest pathw'a3S, the peak the 
numencally greatest path lengths and the down- 
slope the longest pathwa3s In order to explain 
the presentl} obsen'ed biphasic S3'stem two distinct 
populations of pathways are assumed, both be- 
ing present in the hand alone and in the forearm 
alone. 

If path length was the onh a-anable, and since 
t. aacraged more than 4 times t,, it also is assumed 
that the 2 populations of path lengths differed from 
each other b} a factor of 4 On the basis of pres- 
cntl} accepted arculatory aeloaties (4) the capil- 
laries composing the slow compartment v ould 
aacrage about 100 cm in length a figure aahich 
seems to be incredibly large 

The taa o compartment S3 stem abo might be ex- 


plained on the basis of differences in blood a clocity 
through the pnnapal tissues of the forearm, 
namel3’', muscle and skin Blood a elocit3' through 
the skin alone can be estimated b3' observing di- 
rectly the passage of appropnate doses of fluor- 
escein or T-1S24 in the forearm folloaanng brachial 
artenal injection (5) Peak d\e concentrations 
occur wnthin 10 to 30 seconds after the dj'e is in- 
jected, although traces can be seen in heavily 
stained areas for longer penods These studies 
indicate that the major portion of blood flow to 
the skin tra\ els at v elocitics consistent with tj and 
not t; Thus, if the slow component is limited 
to one of the major tissue subdivisions of the fore- 
arm, it probably resides m the muscles 

Data to be presented later do not support this 
explanation Local muscular exerase to the point 
of exhaustion was earned out by having the sub- 
ject repeatedlj' squeeze a hand dj'namometer 
Dye curv’es follow'ing such local exercise revealed 
proportionate reductions of both t, and t, compared 
wnth the controls Since muscle and not skin 
ivas affected predominantly by siidi exercise, and 
if muscle were the site of the slow component, 
there should have been a disproportionate reduc- 
tion of t. In addition, in the untreated subject 
biphasic curves w'ere observed in the hand alone, 
which contains little muscle, and in forearm alone 
(exclusive of the hand and wnst), which con- 
tains predominantly muscular tissue 

Renkin, utilizing a different technique, observed 
similar biphasic blood flow' patterns in the per- 
fused hindleg of the cat (6) The relative vol- 
umes of the tvvo components w'ere uninfluenced by 
removing the skin The proportion of bone was 
too small to account by itself for one compartment 
and Renkin concluded that both compartments are 
present m skeletal muscle These vanous ob- 
serv'ations make it appear unlikely that the two- 
phase veloaty system is produced by differences 
in blood 1 elocitj' in different tissues 

Barcroft presents cadence pointing toward a 
double arculation in the human forearm and calf 
(7) He believes that one is under neurogenic 
control, the other under the influence of local 
metabolites The measurements were determined 
on mean blood flow and its response to ^'anous 
stimuli 

WTiereas in the normal subjects flow in the 
rapid component tisualU predominated, the vas- 
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Fig. 6. Typicai. Akastouotic Cowkectioks Bctwien Astoioles, CAPiu-ARits axd 
VE ifCLES AS OBsotvED iw THE Hamsteb Cheek Fouch Pbepabation 
Arrows indicate the direction of flow Arrows with heads pointing m opposite di 
reebons and shpled sections indicate anastomotic vessels with slugguh and reversible 
flow 


cular volumes of the tv.o components were of the 
same magnitude. Thus, nearly half and m many 
of the subjects more than half of the vascular 
volume of the forearm contained slowly arcu 
lating blood As has been outlined above the evi 
dence pointed away from localizing rapid blood 
flow to one type of tissue and sluggish flow to 
another and suggested that the two flow systems 
existed side by side in both skin and muscle 

In seeking for the location of this large vascular 
component we have observed the arculation in 
the hamster cheek pouch according to the method 
of Lutz and Fulton (6) Using 100 to 300 times 
magnificabons it W'as apparent immediately that 
the small lesscl orculabon has a biphasic pattern 
of blood vcloaty In every field vessels of the 
same order were seen with widely varying rates 
of blood flow (Figure 6) 

The mechanism for the vanation of velocity 
was apparent The circulation was highly anasto- 
motic with many mterartenolar mtcrcapillary and 
mtervenular connections A similar anastomotic 
arculation has been desenbed in the bats wing 
(9 10) m the subcutaneous tissue of mice (U) 
m voluntary muscle (12) and m intestinal wall 
(13) Since pressures at either end of the anasto- 
mosis were similar flow was sluggish in the anasto- 
mosis Indeed it somctuncs wmuld stagnate surge 
first one wa> and then the other and occasionally 
reverse. 

Flow through this network of small \*csscls 
also %vas highly dynamic, A capillary or venule 
appeanng to contain the rapid or mam line flow 
would suddenU change into a sluggish channel 
Simibrly slow mmnng flow m an anastomotic 


vessel would for short penods become rapid 
moving sometimes m one direction, at other times 
m the opposite direction. Thus not onl\ do the 
rapid and slow moving arculations e.xist side by 
side but tome of the small ^essels change thar 
role from time to tunc, now carrying rapid and at 
another time sluggish flow In a 8> stem composed 
of anastomotic channels relatively minor shifts in 
pressure could easily cliange the pattern of blood 
flow The factors controlling su^ pressure flue 
tuations are not completely understood although 
contraction of arterioles and precapillary sphincters 
prohablj pla> a part Although these direct ob- 
servabons on tlie microarculation of other prepa 
rations do not prov'c that the slow component of 
the forearm arculation m man is due entirely to 
retarded flow m anastomotic \cssels they prondc 
a reasonable hypothesis for further study 
An altematiN'e method of calculating the rcia 
tivc flow* and volumes would be to treat the tivo 
curves as if thej were occumng synchronousl> 
rather than succcssi\elv In this situation the bte 
downslopc 15 extrapolated back to the peak of the 
pnmary curve (since the two curves arc assumed 
to be sjmehronous) and the values so obtained 
subtracted from the early dowmslopc This will 
produce a decrease in the ratios lj{^ and \|/v, 
f c f, and V, mil become larger relative to L and 
V, (Table II) This method of analysis seems to 
lack validity for the following reasons In the 
present experiments the observations began at the 
instant of first injection of the tracer malena! 
which was confined to the intra\*ascubr space. 
The tracer entered as a bolus and was preceded 
and followed bj undjed blood In essence it 
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Since the observ'ations of Freund (2) m 1885 
of spontaneous h}'perglycenua in patients with 
malignant disease, there has been speculation that 
an alteration in glucose metabolism is assoaated 
with neoplasia in man (3-18) There have been, 
howeter, relatively few studies designed speafi- 
cally to test this possibilitj Rohdenburg, Bern- 
hard, and Krehbiel (5) and Edwards (6), with 
the advent of the oral glucose tolerance test, re- 
ported that a decrease in carbohydrate tolerance 
was a uniform finding in patients with cancer 
Subsequent studies (7-18) did not confirm these 
reports, though several workers have found a 
high inadence of an abnormal glucose tolerance 
test in subjects wuth vanous tjqies of neoplasms 
These obserrations have been inconclusive vnth 
regard to establishing a relationship between the 
presence of uncomplicated neoplastic disease and 
an altered carbohydrate metabolism A pnmary 
reason for the inconclusiv'e nature of these stud- 
ies IS their lack of control of vanous factors known 
to decrease glucose tolerance Certain of these 
factors, c g , inadequate dietary intake, fev er, 
infection, hepatic djsfuncbon and prolonged bed 
rest, are frequently present m patients w ith malig- 
nant disease J 

This study was undertaken in a group of care- 
fully selected patients wath chronic leukemia, lym- 
phoma, and clinically early epithelial neoplasms, 
and subjects without cancer, in an effort to de- 
termine whether a defect in glucose metabohsm is 
assoaated wath malignant tumors It was found 
that, as a group, the patients with neoplastic dis- 

V A portion of the present data lias been published 
prevaonsly m abstract form (1) 

= This work was supported in part b) a grant from 
The National Cancer Institute, U S Public Health 
Service. 

’ Fellow of the American Cancer Sooety 


ease had a significant decrease m the rate of dis- 
appearance of glucose from the blood following the 
intravenous injection of glucose Carbohydrate 
metabolism was evaluated further m these sub- 
jects by calculation of the net rate of disappearance 
of glucose from the blood and the v olume of distn- 
bution of glucose and by determination of the 
changes in serum inorganic phosphate and potas- 
sium concentrations during the glucose tolerance 
tests 

METHODS 

Subjects studied 

The control group consisted of 19 individuals without 
neoplastic disease, 7 males and 12 females, ranging m 
age from 29 to 65 >ears The neoplastic group included 
36 indinduals, 14 males and 22 females ranging in age 
from 36 to 70 jears There was no significant differ- 
ence between the control and neoplastic groups with re 
sped to age or bodj weight. Subjects 20 through 33 
had cJinicallj localized carcinoma, which was m all in 
stances considered amenable to curative tlierapj These 
indivnduals had no sjstemic sjmptoms Carcinoma was 
suspected on the basis of a finding of a lump in the 
breast on phjsical examination, a positive Papanicoloau 
smear on routine cervical e-xamination, or an abnormal 
shadow on routine chest x-rav Subjects 34 through 
54 had lymphoma or chronic leukemia The diagnosis in 
each individual was established histologicallj (Tables 1 
and II) All subjects were studied preoperaUvelj, or 
prior to chemothcrap) or radiotherapj 

The entena for selection of individuals for stud> in 
both the control and patient group included 1) no family 
history of diabetes mellitus, 2) full ambulation, 3) no 
weight change for at least six months pnor to the stud 3 , 
4) no obc5it>, 5) no evidence or histor> of an} disorder 
known to affect carbohjdrate metabohsm 6) no fever 
7) normal serum concentrations of sodium, potassium, 
chloride, carbon dioxide non protein nitrogen, alkaline 
phosphatase, cholesterol and cholesterol ester, and a 
normal cephahn flocculation and 8) an adequate dietary 
intake. 
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TABLE 1 


Intr99crutus tlttcou telerana tui ttt ccniral tuhjtets 


Sebket 

Nck* 

Fastlot 

tlac0«T 


ClncoM conceatntioa (n|«. 

{.Ttmi (q rcHnta) 


Dtnpnearvic« 
nie coBfUBt 
W/m/n ) 

Mcao atiicne 
ccnceetntioi4 

Kct (toCOM 
dfnppcw»ncej 
(pwtw %/pWv.) 

8 

16 

2* 

ii 

40 

48 

5« 

44 

ToCil locrvTQttnt 

Total Increment 

Toul loefcment 

I 

79 

266 

231 

200 

175 

156 

141 

129 

119 

1.51 

2 8! 

235 

139 

36S 

3 91 

2 

64 

219 

192 

185 

153 

115 

96 

87 

SO 

230 

4 62 

223 

112 

512 

519 

3 

88 

288 

240 

188 

164 

124 

92 

76 

73 

2.89 

4.36 

180 

111 

5J0 

485 

4 

80 

304 

244 

200 

176 

148 

120 

92 

86 

2 20 

3 /5 

209 

120 

460 

450 

5 

100-98 

263 

222 

202 

179 

164 

151 

140 

125 

131 

310 

200 

89 

2 62 

2 76 

6 

86-88 

284 

198 

135 

no 

87 

64 

60 

59 

3 47 

7 96 

132 

66 

4.58 

5.25 

7 

75-76 

198 

191 

164 

144 

120 

106 

96 

89 

1 78 

3J2 

158 

SO 

2 SI 

258 

8 

68-66 

250 

216 

175 

148 

125 

109 

98 

77 

2 30 

4 08 

183 

103 

4.21 

4 20 

9 

BBSS 

188 

176 

152 

131 

122 

108 

104 

99 

1.56 

396 

206 

81 

3J1 

3 21 

10 

92-90 

275 

243 

198 

176 

161 

U7 

134 

122 

1 51 

3 15 

209 

lOS 

3 16 

3 31 

11 

83-83 

175 

156 

138 

128 

117 

no 

95 

83 

1.33 

3J2 

160 

62 

2 12 

200 

11 

89-94 

264 

208 

176 

US 

121 

no 

n 

86 

2 16 

510 

185 

76 

500 

388 

13 

82-S7 

188 

156 

122 

104 

92 

92 

w 

87 

2 01 

6 42 

U3 

43 

3 73 

3.38 

14 

73-72 

180 

172 

155 

141 

128 

117 

no 

102 

IJl 

2 78 

151 

74 

236 

2 49 

15 

83-^1 

231 

192 

147 

123 

108 

97 

78 

70 

2 08 

6.30 

208 

67 

4 83 

4.52 

16 

81-70 

240 

2.30 

193 

174 

158 

137 

134 

no 

1 59 

290 

199 

113 

3 16 

3 28 

17 

92-88 

258 

212 

188 

17i 

160 

140 

132 

111 

1 61 

2 78 

187 

m 

2 98 

286 

IS 

78-82 

210 

186 

160 

145 

131 

114 

94 

80 

1.58 

3 15 

165 

80 

i74 

2 62 

19 

84-85 

250 

168 

142 

115 

104 

90 

87 

82 

3 15 

6i)3 

142 

73 

488 

4 03 


238 

202 

164 

U8 

129 

113 

101 

92 

197 

4.20 

180 

89 

3 74 

3 68 

so 

8 

38 

2S 

26 

23 

23 

22 

22 

18 

62 

1 52 

29 

24 

IM 

0 93 


•Dittgnosei Case* 1-5 9 11-13 1^19 Volunteer* Ctse* 6, 7 10 U IS Flbroedenama ol breast CeseS 


t Whtfe *iQsle value for fasQQg gluowe u civen only one fatting blood cmpte wa* obtained 
I Rrfer to text for definition of t±i«e tmn* and metnods of calcnlaUng tbelr value*. 


Proc/dttrri 

All subjects were placed on a diet contitnlnff at Icut 
225 grams of carbohydrate and 2400 calorie* daHjr for 
two weeks prior to study Each individual, harmg fasted 
overmght for 14 hours was kept completely at rest in an 
air conditioned room (temperature 78 to 81 F) for one- 
half hour prior to and during the test. An indwcUing 
Coomand type needle ■was placed \n an antecnbital vcin- 
After two listing blood samples had been obtained over 
a period of approximately 20 rmnotes a 30 per cent glu 
cose solution in distilled w-ater ■was injected Into another 
vein. In control sutdccts 1 through 11 and patients 20 
through 27 and 34 through 42, twenty five grams of glu 
cote was administered from a syringe over a four-inln 
trte period. In all other individuals, the gliKxrse was ad 
ntinlitered using a Bowman constant infasion pomp over 
a three to five-tmimte period This permitted a more ac 
curate detennlnatJon of the aroount of glucose delivered 
(Table VI) 

Venous blood spearaens were withdrawn vnthoot stasis 
into heparurixed synnges at eight minutes following the 
start o! the glucose micction and subsequently every 
oght minutes for 64 minute*. Glucose concentration and, 
when performed, serum Inorganic phosphate and scrum 
potassium concentrations were determined In duplicate on 
cadb blood tample. The blood specimens were immedi 
ately icred and protebi-free filtrates for the glucose analy 
set were promptly prepared at the bedside. Urine was 
coUecled during the 75 minutes foUowmg the inJeetKm of 


glucose for the deiertmtation of urinary glucose exerc 
tion during the test 

Ten patients had 2 or 3 repeat glucose tolerance teals 
perfonned (Table III) Six of these subjects were 
maintained on a constant carbohydrate and caloric intake 
on the metabolic ward during the mterral between the 
studie*. The renaming four mdlviduaJs folkmed the 
prescribed diet on an outpatient basis dunng the period 
of observation. 

Glucose ivas determined In duplicate by the Nelson 
modification of the Somogyi method (19 20) Serum 
inorganic phosphorus determlnahon* v.-ere made ac 
cording to the method of Taussky and Shorr (21) 
Serum potassiums were determined using a flame photom 
cter with on Internal standard. 

/fno^m cf gfucese tofrrcnce cvnvf 

Methods of analysji of the rapid intravenous glucose 
tolerance test have varied. In the present study each 
glucose tolerance curve was graphically evaluated both 
by the method suggested by Conard Francksoo, Bastenfe, 
Kestens, end Kovacs (22) and by the technique etu 
ployed by Amatutio Stutzman, "Vanderbilt, and NesWtt 
(23) These tw methods were chosen because (a) th^ 
provide methods Vfhlch faaCtate tTalyntig tl>e glucose 
tolerance curve In terms of a single constant, (b) a large 
amount of normal data is available m the literature for 
these tcchrdquci, and (c) In the present study by mean* 
of statistical analyses which will be presented below 



258 


PAtiL A, MARKS ^ND JONATHAN S BISHOP 


table n' 

Analysis of variance of indius of repeal glucose tolerarce 
tests in ten patients irilh neoplastic disease 



Decrees 

of 

freedom 

Total Indcc 

Increment Index 


Sum of 
jquares 

Sum of 
squares 

Between 

indmduals 

9 

09951 

57087 

Wnthin 

indivnduals 

10 

00263 

02477 

Total 

19 

10215 

59564 

F- 


4192 

25 61 


, p Sum of Squares Betraecn Individuals ^ 

Sum of Squares Within Individuals 9 

For the number of degrees of freedom present in this table, 
an F toIuc greater tlmn 4 95 would gi\e a probabihty less 
than 0 01 

disappearance, i c , the per cent of glucose disappeanng 
from the blood per minute. In an effort to evaluate the 
net amount of glucose disappeanng from the blood, an 
estimate was made of the mean net rate of disappearance 
of glucose, t c , tlie milhgrams of glucose disappeanng 
per umt -volume of blood per minute. The term net is 
used to indicate that this value represents the resultant 
of those reactions removmg glucose from the blood and 
those reactions deliv enng glucose to the blood. In order 
to obtam the mean net rate of disappearance of ‘total 
glucose" from the blood per minute (GDt), the average 
"total glucose" concentration was mulbplied by the rate 
constant Kb The mean net rate of disappearance of 
"increment glucose” from the blood (GD .) was denved 
by multipljnng K, b) tlic mean glucose concentration in 
excess of the fasting lev el ’ All values for net rate of 
disappearance of glucose, in subjects rccavmg other than 
25 gm of glucose, w ere corrected to this dose. The value 
obtamed for mean net rate of disappearance of glucose is 

“ Tlie value for the av erage “total glucose ’ concentra- 
tion was obtamed bj the equation 


defined by the method cmplojcd in its calculation It is 
used in this studj onl> for the purpose of companng the 
control and neoplastic groups with respect to this param- 
eter The value for G D b vv ould be expected to be equal 
to the value for G D . if both a plot of tlie log of the 
"total glucose" concentration against time and a plot 
of the log of the ‘‘increment glucose ’ concentration 
against bme represent good approximations of a straight 
line. 

Estimation of volume of distnbulion of glucose 
An estimate of the volume of distnbubon of glucose 
(EVG) was obtained m those subjects in whom the glu- 
cose was given using a constant infusion pump to per- 
mit an accurate determination of the volume of glucose 
solution injected. The EVG was calculated bj dinding 
the amount of glucose injected (mgm ) bj the glucose 
concentration in excess of the fasting value (mgm per 
100 cc.) at tlie end of injection This glucose concentra- 
tion was determined bj extrapolating to tlie end of tlie 
injection penod the linear plot of the log of the glucose 
concentration in excess of the fasbng level between 16 and 
56 minutes follownng the mjections The values for blood 
sugar concentration pnor to 16 minutes generallj fell 
above this line and were not emplojed m this graphic 
anal) SIS to reduce the error due to mixing It is recog- 
mzed that this calculation is not free from objection, par- 
bcularl} when applied to metabolizable substances Nev- 
ertheless, It is assumed that these errors will be similar 
m both control and neoplastic subjects 

RESULTS 

The data obtained from intravenous glucose 
tolerance tests in 19 control subjects and 36 pa- 
tients vvnth neoplastic diseases are presented in 
Tables I and II The diagnosis of each subject is 
indicated in these tables 

Fractional rate constant of glucose disappearance 

The fractional rate of “total glucose” disap- 
pearance (Kb) for the control group was 157 ± 


Gb 


G„(l - e-KbV) 
tKb 


where Gb is tlie average ‘total glucose' concentraUon in 
mgm. per 100 cc., G. is the total blood glucose concen- 
tration m mgm. per 100 cc. at zero time, t is the time 
mterval m minutes dunng which the fractional rate of 
total glucose disappearance is constant 
The value for the av erage ‘ mcrement glucose ’ con 
ccntration was obtained by the equation 


G. 


(G. - Gi) (1 - c-g-0 
t K. 


where G. is the average ‘‘increment glucose” concentra- 
tion in mgm. per 100 cc., Gt is the fasting blood glucose 
concentration in irgm. per 100 cc. t is the time interval 
in minutes dunng which the fractional rate of "incre- 
ment glucose” disappearance is constant 


TABLE V' 


Analysts of variance comparing the glucose tolerance tests tn 
control subjects and patients with neoplastic disease 



Decrees 

of 

freedom 

Total blood 
BUcar index 

Increment blood 
fupar Index 

Sum of 
equares 

Sum of 
squares 

Between groups 

1 

64261 

10 38503 

Wthin groujjs 

54 

1 66644 

27 77842 

Total 

55 

2 30905 

38 16345 

F* 


20 82 

20 18 


•F 


Sum of Squares Between Groups 
Sum of Squares Within Groups 



For the number of degrees of freedom present in this table, 
an F value greater than 7 12 would give a probabihty less 
than 0 01 
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Fxa I The Average Curve* or Total Blood Glu 

COSE CoWCEIfTRATIOH AgAIKST TOIE ARE PLOTTED TOR 
THE COKTSDL (LlCHT SoLID LiKE) AND PaTTEKT (HeAVY 

Solid Like) Group* akd the Average Curves o? the 
Blood Sugar Concektration ih Excess op the Fastikc 
Level AcAt^tT Time are Plotted tor the Cowtrol 
(Light Brokek Line) and PAntirr (Heavy Broken 
Like) Group* 

The iracUonal rate oJ disappearance of total glocose** 
(K») and the fracUonal rate of dUappearance of inert 
raent glocose” (K ) are indicated in per cent per minute. 

0.62 per cent per mmute,^ The Ki, for the neo- 
plastic group was 1 06 ± 0.33 per cent per mm 
ute. The fractional rate of mcrement glucose^ 
disappearance (K.) m the control group aver 
aged 4.20 rt 1 52 per cent per mmute The neo- 
pkstic group had a K* of 222 ± 0.85 per cent per 
mmute. The difference between the means for 
both K* and K^were stattstically significant ’ (Fig 
ure 1) Examination of Tables I and 11 will re- 
veal that K^, in five subjects with neoplastic disease 
and K, m SIX of these patients fell within the range 
of vTilues for the control senes 

The data for the control subjects are in general 
agreement with previous results obtained using 
the type of intravenous glucose tolerance test cm 
ployed m this study In 60 normal subjects re* 
ported by Lozner Winkler, Taylor and Peters 
(26) the Kb was 1.96 ± 020 per cent per mmute 
and the K, was 3 57 ± 0 37 per cent per minute. 
Amatuzio Stutrraan Vanderbilt and Nesbitt (23) 
reported data on 70 control individuals with a Kb 

• ATtrage values arc given ^vrth one itandard deviation. 

^A •Igmficant difference between the mcanJ 
taken to be a difference of at least 12 time* the itandard 
deviahem of the difference between means (p< *^1) 


of 1 34 ± 027 per cent per mmute and a K, of 
321 ± 0 40 per cent per mmute. An average Ki, 
of 1 52 Ti: 023 per cent per mmute has been ob- 
served in 20 normal subjects (22) In 20 normal 
persons, Duncan (24) found a Kt of 1 37 ± 022 
per cent per imnutc and aK*of36S:±:040 per 
cent per mmute 

Blood sugar values 

The fasting blood sugar for the control serica 
was 83 ± 8 mgra per cent and for the neoplastic 
group 89 ± 13 mgm per cent (Tables I and TI) 
The difference bchveen these means was not sta- 
tistically sigmficanL Four patients \nth neoplastic 
disease did have fasting blood sugars in c-xcess of 
100 mgm. per cent, uhich ^vas the upper value for 
the range of fasting blood sugar levels m the 
control group 

The average blood sugar values for the control 
and neoplastic groups at 8 and 16 mmutes follon 
mg glucose administration were not significantly 
different The mean blood sugar concentrations 
at subsequent samplmg times tx , 24 32, 40 56 
and 64 mmules following glucose adnumstration 
were significantly higher m the patients with neo- 
plastic disease than m the control individuals 
(Tables I and II) 

Unnary glucose excretion durmg the 75 mm 
utes following the intravenous administration of 
glucose was determined in 14 control individuals 
and 22 patients Unnary glucose excretion 
amounted to 02 ± 02 gm dunng the 75-mmntc 
penod m control individiials and 0 6 0 3 gm 

dunng the 75-mmnte penod m the neoplastic 
group There was no significant difference be- 
tween these means 

Net rate of dtsappcarattcc of glucose 

The mean * total glucose^ concentration (Gb) 
was 180 d: 29 mgm per cent in the control indl 
viduals and 209 ± 40 mgm per cent m the neo- 
plastic group In the control group the net rate 
of disappearance of total glucose from the blood 
(G D b) was 374 ± 1 04 mgm per 100 cc. per 
minute compared wnlh a v’aluc of 2 34 :i: 0 91 mgm 
per 100 cc, per minute for the individuals with 
neoplastic disease (Tables I and II) The differ- 
ence between the mean GT) b and the difference 
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024 mgm per cent or 16 8 — S 9 per cent of the 
fasting \-alue, and Lazarus, Volk, Jacobi, and 
Gilad} (32) reported a mean maximum fall m 
normals of 142 per cent (10 to 22 5 per cent) 
These changes are more comparable to the findings 
in the patient group than m the normal indivnduals 
of the present studj It should be noted that in 
previous reports as u ell as in the present data, the 
range of i-alues for maximum fall m serum inor- 
ganic phosphate is large 

The serum potassium concentration had a maxi- 
mum fall of 0 41 ± 0 28 mEq per L or 10 8 ± 5 9 
per cent of the fasting lei el in the control mdindu- 
als In the patient group, the maximum decrease 
in serum potassium i\ as 0 59 ± 0 32 mEq per L 
or 13 5 ± 7 5 per cent of the fasting concentration 
There was no statistical!} significant diflterence 
between the mean lalues for maximum fall, ex- 
pressed in absolute or relative terms, in serum 
potassium concentration 

DISCUSSION 

A decrease in glucose tolerance, as indicated by 
a slower fractional rate of disappearance of blood 
glucose, w'as found to be associated ivith the 
presence of malignant disease The fasting blood 
sugar was within the normal range in these sub- 
jects The group of patients studied included in- 
dmduals with Ij-mphoma, chronic leukemia, and 
clmicall} localized carcinoma of the cervix, and 
caranoma of the breast These mdmduals were 
carefull} selected to exclude -various other factors 
known to impair carbohydrate metabolism 

The slower fractional rate of disappearance of 
glucose m the patients w ith malignant disease was 
assoaatcd woth a higher mean blood sugar concen- 
tration follow mg the intrai enous administration of 
glucose The question arises, in -vnew of these 
findings, as to whether the net amount of glucose 
disappeanng from the blood in the neoplastic 
group differed from the control subjects The 
mean -value for the net rate of disappearance of 
glucose was significant!} lower in tlie patients 
compared wath the control group However, in 
the patient group, a normal net rate of disappear- 
ance of glucose was more frequently observ ed than 
a normal fractional rate of disappearance of glu- 
cose There was no difference in the estimated 
V olumc of distribution of glucose betw een the pa- 


tients and the control individuals These calcu- 
lated values denv ed from the disappearance curve 
of glucose indicate that in certain neoplastic sub- 
jects, despite a decreased fractional rate of disap- 
pearance of glucose, the persistence of blood glu- 
cose concentrations at significantly higher levels 
than in normal subjects may' be associated with an 
approximately normal net rate of disappearance 
of glucose A possible explanation of these find- 
ings is that net hepatic glucose output dunng the 
hypergly cemic phase is greater in the patients than 
in the control indiv iduals and contributes to main- 
taining the higher blood glucose concentration 
This explanation does not exclude a concomitant 
decrease in tissue glucose utilization in these 
patients 

The present data do not permit conclusions as 
to the mechanism of the decrease in glucose toler- 
ance A slow er fractional rate of disappearance of 
glucose, whether or not associated with a de- 
creased net rate of disappearance of glucose, might 
result from an alteration in hepatic glucose metabo- 
lism, a decrease in penpheral utilization, or a 
disturbance m both of these metabolic processes 

Penpheral glucose utilization has been found 
to be assoaated with a fall in scrum inorganic 
phosphate following glucose administration (33, 
34) A decrease m serum potassium concentra- 
tion has also been reported to parallel glucose 
utilization (35) No statistically significant dif- 
ference W'as observ'ed between the control and pa- 
tient groups wuth reference to the maximum fall 
m the absolute concentration of serum inorganic 
phosphate or serum potassium The mean fast- 
ing serum inorganic phosphate concentration in 
the patients with malignant disease was higher 
than in the control subjects The maximum fall 
m serum inorganic phosphate expressed as per 
cent of the fasting level was smaller in the patient 
group than in the control individuals It should 
be noted that in the patients with malignant dis- 
ease, the maximum decrease in serum inorganic 
phosphate concentration and in serum potassium 
concentration was found to be variable, and in 
any given individual the magnitude of fall of 
these two ions did not parallel each other The 
meaning of these findings in terms of glucose 
metabobsm is not apparent 

The fact that the decrease in glucose tolerance 
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^vas associated with locahied caranoraa, small in 
stxe relative to total body mass would make it 
unlikely that, m these patients at least, the de- 
creased rate of disappearance of glucose was at 
tributable to the carbohydrate metabolism of the 
tumor Indeed, Con and Con (36) demonstrated 
that tumor in two bad an increased rate of gly- 
colysis It would appear that the defect in glu 
cose metabolism reflects alterations in host tissue 
metabohsm associated with the presence of the 
neoplastic process In experimental animals 
there are several reports of defects in enzyme ac- 
tivity (37) including enzymes involved m carbo- 
hydrate metabolism (38), of tissues of the tumor 
bcanng host 

There are many studies on the madcnce of 
cancer in diabetes melUtua (39) In general, these 
reports found that cancer occurs more frequently 
than expected in diabetics, The pertinence of this 
findmg, if real, to the present data cannot be evalu 
ated on the basis of available knowledge. The 
I>ossibility does exist that the decrease m glucose 
tolerance in patients with malignant disease may 
reflect latent diabetes melhtus 

It should be emphasized that the defect m car 
bohydrate metabolism as measured by the intra 
venous glucose tolerance test is not at all specific 
A decrease m glucose tolerance has been observed 
m a wide variety of conditions in addition to 
diabetes melhtus, such as endocrine disorders 
hepatic disease malnutntioa infectioui diseases 
neuropsychiatnc disorders renal disease and 
obesity None of these conditions existed m the 
present group of patients with neoplastic disease 
Thus, this defect m glucose metabolism can be 
considered of no diagnostic value howc\xr its 
definition may shed some light on the metabohe 
alterations associated with neoplasia, as well as 
other conditions m which a decreased glucose 
tolerance may be present 

SUMMARY 

1 Intravenous glucose tolerance tests were per 
formed in 36 carefully selected patients with 
chronic leukemia lymphoma and clinically early 
epithelial neoplasms and in 19 subjects without 
cancer 

2 In analyzing the glucose tolerance cmrvcs 
plotlmg cither the log of the total blood sugar con 


centration agamst time, or the log of the blood 
sugar concentration in excess of the fasting value 
agamst time, provided an equally good index of 
glucose tolerance, 

3 The patients %vith malignant disease com 
pared vnih the control subjects had a sigmficantl> 
decreased fractional rate of disappearance of glu 
cose and a significantly lower net rate of disap- 
pearance of glucose, 

4 The fasting blood sugar concentration of the 
control and neoplastic groups did not differ sig 
mflcantl) 

5 No significant difference m the estimated vol 
umc distribution of glucose was found between the 
two groups 

6 In the patients with malignant disease the 
fasting serum inorganic phosphate concentration 
was significantly greater and the maximum per 
cent fall m inorganic phosphate w^as sigmficantly 
less than in the control individuals No significant 
difference w*as observed in the fall m serum po- 
tassium concentration between the ti\o groups 

ACKNOWLEDGMENT 

The aothor» are Indebled to ProL John Fertig for his 
askUtance m the statistical aialyvu oi the present data. 
We are cralelul to Mus Mae D Orlando Chief 

None on the Metabohe Unit, for her aisistance in the 
patient studies and to Mrs Ellen Zablow for her tcch- 
otcai assUtance. 

REFERENCES 

1 Marks, P A,, and Bishop J,, Glucose metabohsm m 
human subjecU with neoplashc diseases, J Chn. 
Invest 1956, 3S 722. 

Z Frmnd, E„ Zur Diagnose des Cardnoms. Vorliufife 
Mitthalung. Wien. med. Bl, 1885 8 267 

3 Tofficr Dlabite et ntoplasmes. Arch, gin. de m^d, 

1883 2, 129 

4 Tnnkler N,, Ueber die diagnostische Vcra'crtun^ des 

Gehaltes an Zucker und redudrendcr Substani Im 
Blute Tom Mensdicn bd Tertduedencn Krank 
hdlen, ZentralbL fxL Med. Wissensch,, 1690 28 
49S. 

5- Rohdenbnrg G L,, Bernhard, A,, and KrehWcl, O, 
Sugar tolerance In cancer J A, M A 1919 72, 
1S2S. 

6 Edwards S, Blood sugar tolerance fa cancer J 

Indiana M A, 1919 12 296. 

7 Tbeis R- C, and Stone, W S, A studjr of the cheral 

cal composition of the blood fa cancer J Cancer 
Research, 1919 4 3^9 



264 


PATjL a marks and JO^ATU■^^' S BISnOR 


8 William', J R-, v\-ith the collaboration of Humphrc> s, 

E. M , Clinical 'igmficancc of blood sugar in 
nephntis and other diseases Arch Int Med , 
1919, 23, 537 

9 Fncdcnwald, J, and Grose, G H, The blood sugar 

tolerance test as an aid in the diagnosis of gastro- 
intestinal cancer Am J M Sc., 1920, 160, 313 

10 Langston, W , Glucose tolerance test J Lab S. Qm 

Med , 1922, 7, 293 

11 Kelli, T C, Blood-sugar retention in carcinoma 

Am J M Sc , 1925, 169 216 

12 SIossc, and Reding, Etudes dcs alterations humorales 

dans le cancer ct le pr6cancer Le Cancer, 1927, 
4, 442 

13 Jackson, D, Carbohidrate metabolism in cancer 

Texas State J Med. 1929, 24, 622 

14 D’Halluin, M, Cancer, gliccmie expenmentale, radi- 

ations Bull et mem Soc. de Radiol med. de 
r ranee, 1930, 18, 249 

15 Chatain, A , Contribution a I'dtude du metabolisme 

des cancereux (metabolisme des corps azotes et 
des hidrates de carbone, glutathion de sang) J 
de med. de Lion, 1930, 11, 507 

16 Woodward, G E , and Fri , E G , The hypcrglycaemta 

of cancer Biochem J , 1932, 26, 8S9 

17 Andersen, P E., Variations in the glucose tolerance 

test curves in patients with endometrial caranoraa. 
Acta radiol , 1952 37, 178 

18 GlicLsman, A. S , M> ers, W P L , and Rawson, 

R. W., Diabetes mellitus and carbohidrate metabo- 
lism in patients wuth cancer M Clin North 
Amenca, 1956, 40, 887 

19 Nelson, N , A photometnc adaptation of the Somogii 

method for the determination of glucose J Biol 
Chem , 1944, 153, 375 

20 Somogiu, M , A new reagent for the determination 

of sugars J Biol Chem , 1945 160, 61 

21 Tausski, H H, and Shorr, Ek, A microcolonmetnc 

method for tlic determination of inorganic phos- 
phorus J Biol Chem , 1953, 202, 675 
22. Conard, V , F ranck-son, J R M Basteme, P A., 
Kestens, J , and Koiacs, L., Etude critique du 
triangle dTiypergli ccmie intraseincux chez ITiomme 
normal et determination d un ‘ coefficient d assimila- 
tion gluadique" Arch, intemat de pharmacodyn 
et de therap , l^'SS 93 277 

23 Amaturio, D S, Stutzman, F L, Vanderbilt M J, 

and Nesbitt, S , Interpretation of the rapid inlra- 
senous glucose tolerance test in normal individuals 
and in mild diabetes mellitus J Clm Invest., 1953, 
32, 428 

24 Duncan, L, J P-, The intravenous glucose tolerance 

test Ouart. J Exper Phisiol 1956,41, 85 

25 Grevnlle, G D, The intravenous glucose tolerance 

equation. Biochem J., 1943, 37, 17 


26 Lozner, EL L., Wmklcr, A W , Tav lor, F H L., nnd 

Peters, J P, The intravenous glucose tolerance 
test. J Clin Invest, 1941, 20, 507 

27 Jolapii, S G , and Turpemen, O , Kinetics of elimina- 

tion of glucose from the blood during and after 
a continuous intravenous injection J Clin Invest, 
1954, 33, 452 

28 Shreev c, W W , Baker, N , Miller, M , Shiplei , R 

A, Incefi, G EL, and Craig, J W, C" studies in 
carbohidrate metabolism II The oxidation of 
glucose in diabetic human subjects Metabolism, 
1956, S, 22 

29 Dominguez, R , Kinetics of elimination, absorption and 

volume of distnbiition in the organism i» Medical 
Phi-sics, O Glasscr, Ed, Chicago, The Year Book 
Publishers, Inc., 1950, Vol 2 p 476 

30 Conard, V , Mesure dc 1 assimilation du glucose 

Thesis, Brussels, Acta Medica Belgica, 1955, p 54 

31 Wertheim, A R., Eurman, G H, and Kalinslcv, 

H J , Changes in serum in organic phosphorus 
during intravenous glucose tolerance tests In 
patients with primary (essential) hypertension, 
other disease states, and in normal man J Clin 
Invest, 1954, 33, 565 

32 Lazarus, S S, Volk, B W, Jacobi, M J, and 

Giladi , M Y , Absolute Ij mphoci tc count and 
serum inorganic phosphorus after glucose adminis- 
tration in diabetic patients Am J Clm Path , 
1952, 22, 127 

33 Pollack, H , Millet, R. F , Esse.x, H E , Mann, F C , 

and Bollman, J L., Scrum phosphate changes m 
duced bi injections of glucose into dogs under 
vanous conditions Am J Phisiol, 1934, 110, 117 

34 Harrop, G A , Jr , and Benedict, E M , The partici- 

pation of inorganic substances in carbohidrate 
metabolism J Biol Qiem , 1924, 59, 683 

35 Groen, J., Willebrands, A F , Kamminga, C E , Van 

Schothorst, H K., and Godfricd, E G , EfIects of 
glucose administration on the potassium and in- 
organic phosphate content of the blood scrum and 
the electrocardiogram in normal individuals, and 
m non-diabetic patients Acta med Scandinav , 
1952, 141, 352 

36 Con, C r , and Con, G T , The carbohidrate metab- 

olism of tumors II Changes in the sugar, lactic 
acid, and CO,<ombining power of blood passing 
through a tumor J Biol Chem , 1925, 65 397 

37 Grccnstcin, J P , Biochemistri nf Cancer 2nd cd , 

New York, Academic Press, Inc , 1954, p S07 

38 Weber, G., and Cantcro, A , Glucosc-6 phosphatase 

activati in normal, prccanccrous and neoplastic 
tissues Cancer Research, 1955 15, 105 

39 Joslin, E. P , Root, H F , White, P , and Marble, A , 

The Treatment of Diabetes Mellitus 9th cd. 
Philadelphia, Lea &. Fcbiger, 1952, p 564 * 



ABSORPTION OF WATER AND SODIUM FROM THE SMALL 
INTESTINE OF PATIENTS WITH NONTROPICAL 
SPRUE 

Bt JOHN A. HIGGINS PHIUP E. LEE, JOHN F SCHOLER, RICHARD J 
REITEMEIER, CHARLES F CODE iuro ERIC E. WOLLAEGER 

(Fnym thf Stctwns of Hcdicint and Phystoloffy Mayo Clinic and Mayo Foundation 
Rocketler Minn ) 

(SolmJtted for pnlliahoo June 25 1956 accepted October 16, 1956) 


There is evidence that the absorption of water 
from the gastrointestinal tract of patients with 
nontropical sprue is delayed when they have 
recently eaten food (1) and also when they have 
fasted (2, 3) Excessive fecal loss of sodium has 
been demonstrated m patients with nontropical 
sprue (4), and recently evidence obtamed by the 
use of isotopic sodium has indicated that the ab- 
sorption of sodium chlonde from the small bowel 
of patients with this disease is delayed (5) 

The present study was undertaken to confirm if 
possible, the presence of a defect m the absorption 
of water or sodium in fasting patients with non 
tropical sprue and to ohtam a more exact meas- 
urement of Its degree. The study was made pos 
sible by the recent development of a method that 
allows the precise quantitative determination of 
the rate of absorption of isotopically labeled sub- 
stances from the gastrointestinal tract of human 
beings under completely physiologic condihons 
( 6 ) 

METHODS 

Fottrtten jaUenti wbo prewntcd typical climc»l, labora 
tory and roeot flowgr aphlc features of nontropical sprue 
were studied. Three were men 11 were wo m en. 
Their ages ranged from 23 to 63 yean with the ma 
jority being In the mid thirties, ^tes of absorption 
were determined in most of the patients on only one oc 
cation, the majority of these bemg obtained durmg re- 
lapses of the disease. Svi tests were made during re- 
tmsilons, 

A designation of the ctmlcal status of the disease in 
each patient at the time the tests were performed has 
been used. \Vben loss of weight, abdominal discomfort 
and diarrhea or any combination of soch features of the 
disease predommat^ the patients clhncal status was 
termed a relapse." \Vhen such features were absent, 
or nearly so the term "remission" has been used. 
These terms are intended to provide only a very rough 
estimate of the seventy of the disease In eadi of the 
patients at the time the test of absorption was made. 


All observations were made in the rooming The pa 
bents bad eaten nothing iincc the meal of the previous 
evening In each test the Isotopes were introduced into 
the upper part of the small bowel through a Sawder tube 
after the petition of the tube m the third portion of the 
duodeman had first been established by fiooroscoplc ex 
amination. As a routine, about 10 gm. of barium rulfate 
was mixed with the test material and Its (Cstribution 
throughout the abdomen followed by frequent fluoro- 
scopic and roentgcDograpbic observation. 

The teats made m the course of this study ^ into two 
groups. In the first, the rate of absorption of water 
alone was measured eight such observations were made 
on five patients. In the second group the rates of 
absorption of both water and sodium were dctcrmujcd. 
In addition to the dtsal determbations, refinements m 
methodology developed dunng the progress of the sec 
<md part of the study allmved more precise determuation 
of the rates of absorption of both water and sodium. 

The method (6) employed for estimation of the rate 
of absorption of a labeled substance requires detemnoa 
tion of its rate of appearance in the artenal blood while 
It Is being absorbed as well as Its rate of disappearance 
from the arterial blood stream after its rapid intravenous 
injection. The precise rale of absorption of the isotope 
U then calculated by mtegration of these tUT5 rates In 
the past it has been necessary to employ mean rates of 
arterial disappearance of the Isotopes as determined tn a 
group of healthy persons (6-8) and this was the pro- 
cedure adopted In the first group of observations presented 
in thb report. While use of a mean rate of arterial 
fisappearance has been appropriate for the study of 
nonnal human beings since rates of artenal disappear 
ance vary so Uttle among healthy persons it was recog 
nixed at the outset that It nught not be as applicable to 
the study of patients who arc side. The first step toward 
correction of this wcaVness was to determine the rate of 
disappearance of each isotope following its Intravenous 
inje^on a few days before, or after the determination 
of its rate of appearance m the artenal blood during ab- 
sorption from the boweL This pro ce dure was adopted 
In four of the nine patients of the second senes a further 
improvement was made in the tests on the five rtmafnfng 
patients. In tlicse, dual Isotopes of water (deirterjom 
and Intium oxide) and dual isotopes of radiosodjura 
(sodium* and sodnun**) were eniploj-cd (9) One of 
the isotopes of each pair was given mtravenously v hilc 
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simultaneously the other oi each pair ivas placed in the 
small bowel Determination o{ the concentration of the 
isotopes in tlie same samples of arterial blood then jnelded 
simultaneous appearance and disappearance rates for both 
water and sodium. These rates were then emplojcd in 
the calculation of the rate of absorption of each of the 
isotopes The procedures followed in carrjang out these 
tests did not differ significantlj from those followed when 
single isotopes were used (6) The methods followed 
m analjzmg for the dual isotopes m the blood and tlie 
\alidity of the procedures were first estabhshed bj ex- 
periments on dogs and then appbed to tests on human 
beings (9) 

The quantities of the isotopes used in the test ranged 
from 19 to 50 gm of deuterium oxide (D,0), 2 5 to 30 
milhcunes of tnbum oxide, 10 to 25 microcunes of radio- 
sodium" and 14 to 100 microcunes of radiosodium" The 
ladiosodium was routmely dissoKed m the labeled water 
and suffiaent sodium chlonde was added to make the 
solution isotonic. Zero time m the test was taken as the 
midpoint of the mjection of the isotopes, those into the 
bowel bemg sjmchromzed with those into the vem 
Samples of artenal blood were drawn at mmute inter- 
lals for 12 mmutes and then less frequentlj until the 
termination of the test at 1 to 2 hours Samples of blood 
for determination of the 3-hour or 24-hour equihbnum 
values were drawn bj separate i empuncture. The con- 
centrations of the isotopes in the blood were determined 
according to methods that base been desenbed previ- 
ously [dcutenum wath a mass spectrometer (10, 11), 
tntium with a liquid santillation counter (12) and radio- 
sodium in a well-type sodium iodide (thallium) scmtil- 
lation counter] 

Calculation of the rates of absorption of the isotopes 
was earned out according to the procedure prenously 
desenbed (6) e.xcept that m the last group of tests the 
time intervals used in the calculations were changed. 
The concentrations of the isotopes at 1)4 3)4, 4)4 5*4 
minutes and so on, up to 11)4 minutes, and the concentra- 
tions at 14 mmutes and eierj 4 nunutes thereafter up to 
50 and then ciery 10 minutes for the remainder of the 


first 1*4 hours were cmpto>ed instead of those prcvi- 
ouslj reported. This represents a slightly different time 
schcdulmg from that cmplojed prenouslj m the cal- 
culation. The change has been found to improie the 
determination of the rate of absorption of sodium Such 
rather minor factors base been brought into focus bj 
elimination of the use of a mean disappearance curve and 
adoption of the more accurate procedure of using the 
disappearance curve belonging to each indindual, par- 
ticularly when this is determined at the same time as the 
test of absorption. Tlie concentration of the labeled water 
m the venous blood 3 hours after its administration was 
used as the equihbnum value in the calculations In the 
case of sodium, the concentration in the venous blood at 
24 hours was used as the equihbnum value m the majontj 
of the tests , use of a 3-hour to 9 hour equihbnum in a 
few instances did not sigmficantly alter the results In 
each determination the percentages of the isotopes ab- 
sorbed as the test progressed were plotted, and the slope 
of the straight line that best fitted the points which in- 
cluded the absorption of at least the first 50 per cent of 
the isotopes was e.xpressed as the initial rate of absorp- 
tion, in addition, the time required for the absorption of 
the first SO per cent and 67 per cent of the administered 
amount of each of the isotopes was recorded. 

RESULTS 

Patienls in luhoni absorption of water alone was 

tested 

In this group of tests a mean rate of disappear- 
ance of deutenum oxide from arterial blood as 
determined m a senes of normal persons was used 
m the calculation of the rate of absorption The 
results may be compared directly with those ob- 
tained prevaously in our laboratory w ith the same 
technic (6-8) We have calculated the moan 
values for the total of 29 healthy persons tested in 


table I 


Group 1 — Rale of absorption of icaterfrom small borxel of patients with sprue 


Ca5e 

T«t 

Initial rate 

5c absorbed 
per minute 

Minutes rcQuIrcd for 
alwrpUoa of 

Clinical status 

so% 

67% 

1 

126 

21 7 

2 8 

47 

In remission 


113 

13 5 

44 

64 

In remission , relapsed 5 days later 

2 

119 

7 1 

68 

12 8 

In relapse 

3 

125 

7 8* 

64 

96 

In relapse 


112 

10 0 

53 

9 1 

Recovering from relapse 

4 

74 

10 9 

49 

69 

Recovenng from relapse 

5 

147 

14 7 

43 

6 4 

In remission 

Controlst 


23i6 

2 8±0 7 

4 6±1 3 



• Hv-pcrtonic «olubon placed in bowel ju-n, 

t Senes of 20 persons from studies by Lee, Code and Scholer (i) and by Rcitcmeicr, Code, and Orvis (8) values 
following the ± sign,arc the standard deviations of the means 
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TlBLR n 

Grcup Z — Raic cf aisorptum oj water from small bowtl of paiUnU wtth sprue 


Cut 

Tot 

laltUlnite, 

per mluite 

Mlmitet rtmilred Tor 
AbxxpUoo of 

gjplaT (tsttu 

50% 

67% 

6 

234 


mmum 

HflMH 

ReUpse 

7 

271 




Relapso 

9 

274 




Relapse 

10 

259 

10 4 




11 

198 

20 0 



Recovering from relapoe 

12 

236 

21 7 



Recovenng from relapae 

13 

254 

250 



Remieslon 

U 

262 

26 3 

■■ 


Remisdon 


these earlier studies , the mean initial rate of -water 
absorption, per minute Nvas 23 per cent of the 
administered -water (standard error of mean 11) 
the slowest rate was 148 per cent per minute. 
All of the patients -with sprue who were m re- 
lapse had rates that were slower than this (Table 
I) In general, the rate of water absorption paral 
leled the clinical condition of the paDent the slow 
eat rates of absorption being encountered in pa- 
bents in relapse and the most rapid rates m those 
recovenng or in remission This generalization 
\vas also reflected in the time required for absorp- 
tion of 50 per cent and 67 per cent of the admmts 
tered -water 

Patients in whom rates oj absorption of both wa 

ter and sodium were tested simultaneoiish 

In this group of tests the rates of disappearance 
of water and sodium from arterial blood were de- 
tenmned individually for each patient thereby 
climinatmg the use of a mean disappearance rate 
in the calculation of the rate of absorption The 
imtial rates of absorption of water m three healthy 
persons usmg this refinement in techmc were 16 
21 and 24 per cent per minute which -values arc 
•withm the ranges of those obtained m normal 
persons with the less accurate procedure Once 
agam, in this more accurate senes of observations 
all of the patients in relapse bad rates of absorp- 
tion of wnter that were slouer than those of 
normal persons and there was in general a 
parallelism between the rate of absorption of wa 
ter from the small bowel and the condition of the 
patient (Table II) The combined results of the 
two groups of observations allow the general con 
elusion that the rate of absorption of water from 


the small bowel of patients with sprue while in re 
lapse and imdcr fasting conditions is slmver than 
that of healthy persons but when the patients are 
in a remission the rate approaches or becomes 
equal to that of normal persons 

The rate of absorption of sodium from the 
small bowel of the patients with sprue wns even 
more deasively retarded than was the absorption 
of water Tests of the rate of absorption of so- 
dium have been made on 12 healthy persons in 
the course of other studies (unpubhshed data) 
The mean imtial rate of absorption from tlie small 
bowel of the group was 9 5 per cent per minute 
and the simvest rate encountered was 6 per cent 
per minute. Only one of the patients wth sprue 
had a rate of absorption that fell within the normal 
range and this patient had a very mild form of 
the disease and was in remission at the time of 
the test (case 14 Table ni) All of the patients 
studied dunng a relapse had eiccccdingly slow 
rates of absorption ranging from 06 to 3 8 per 
cent per minute and once again there wns a rough 
correlation between the degree of impairment of 
the absorption of sodium and the cbmeal condi 
tioa of the paUcat 

Hypowotihty 

The 10 gm of banum sulfate suspended in the 
labeled water and placed m the small bow*el did 
not allow a very prease estimate of motiht) of the 
small bow'd but it was suffiaent to demonstrate 
the decisive rocntgenographic difference shovm 
previously by other* between sprue patients m re- 
lapse and healthy persons In the patients the 
banum spread \cry slowl> through the abdomen 
and often remained ‘ puddled in the upper part 






WATER AKD SODIUM ABSORPTION IN SPRUE 


267 


TABLE U 

Group 2 — Raie of absorption of xeattr from smaU bowtl tf paiiaits vnih sprue 




taltlilnte, 

% tbtorM 
per minute 

Mtmite* moired for 
fttnorpuem of 


Ckn 

Tot 

so% 

67% 

ntnWi ttitn* 

6 

234 

64 

7.5 

13 1 

Relapse 

7 

271 

7 1 

6S 

10 8 

Relapse 

9 

274 

94 

55 

9J2 

RelapM 

Renusdoa 

10 

259 

10 4 

5J 

10 4 

11 

198 

200 

3 1 

4.0 

Recovering from relapte 

12 

236 

217 

23 

3 1 

Recovenng from relapse 

13 

254 

250 

X7 

34 

Rermadon 

14 

262 

26J 

19 

26 

Remission 


these earhcr studies , the mean initial rate of water 
absorption, per minute was 23 per cent of the 
admimstered water (standard error of mean 11), 
the slowest rate was 14^ per cent per minute. 
All of the patients with sprue who were in re- 
lapse had rates that were slower than this (Table 
I) In general, the rate of water absorption paral 
leled the chnlcal condition of the patient the slow 
cat rates of absorption being encountered in pa- 
tients in relapse and the most rapid rates m those 
recovenng or m remission This generahtatlon 
was also reflected m the tame required for absorp- 
tion of SO per cent and 67 per cent of the adminis- 
tered water 

Patients in whom rates of absorption of both wa 

ter and sodium were tested simultaneously 

In this group of tests the rates of disappearance 
of water and sodium from arterial blood is-ere de- 
termined mdmdually for each patient thereby 
eliminating the use of a mean disappearance rate 
in the calculation of the rate of absorption. The 
imtial rate* of absorption of w'ater in three healthy 
persons using this refinement m techmc were 16 
21 and 24 per cent per minute which values arc 
wnthin the ranges of those obtained in normal 
persons wth the less accurate procedure Once 
again, in this more accurate senes of observations, 
all of the patients m relapse had rates of absorp- 
tion of water that were slower than those of 
normal persons and there was in general a 
parallelism between the rate of absorption of \va 
ter from the small boivcl and the condition of the 
patient (Table II) The combined results of the 
two groups of observations allcnv the general con 
elusion that the rale of absorption of %vater from 


the small bowel of patients with sprue while m re 
lapse and under fasting conditions is slm%er than 
that of healthy persons but hen the patients are 
m a remission the rate approaches or becomes 
equal to that of normal persons 

The rate of absorption of sodium from the 
small bowel of the patients with sprue was even 
more decisively retarded than was the absorption 
of water Tests of the rate of absorption of so- 
dium have been made on 12 healthy persons in 
the course of other studies (unpublished data) 
The mean imtial rate of absorption from the small 
bowel of the group was 9 5 per cent per minute 
and the slowest rate encountered ivas 6 per cent 
per minute. Only one of the patients with sprue 
had a rate of absorption that fell ivithin the normal 
range, and this patient had a very mild form of 
the disease and was m remission at the time of 
the test (case 14 Table UI) All of the patients 
studied dunng a relapse had wceedingly slow 
rates of absorption ranging from 06 to 33 pe** 
cent per minute and once ogam there wus a roug 
correhhon bctivccn the degree of impairment c 
the absorption of sodium and the chmeal condi 
tion of the patient 

Hypomoiihty 

The 10 gm of banura sulfate suspended in th 
labeled water and placed in the small boisel du 
not allow a very precise estimate of motility of th 
small bowel but it was suffiaent to demonstrat' 
the deasue rocntgenographic difference showi 
previously by others between sprue patients m re 
hpse and healthy persons In the patients th( 
bauium spread very slowly through the abdomci 
and often remained "puddled in the upper par 
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TABLE in 

Group Z — Ralt of absorption of sodium from small bowel of patients with sprue 


Case 

Test 

Initial rate 
% absorbed 
per minute 

Minutes required for 
absorption of 

Clinical status 

so% 

67% 

6 

234 

06 

80 0 

112 5 

Relapse 

7 

271 

07 

>85 0 


Relapse 

8 

188 

38 

21 8 

49 7 

Relapse 

9 

274 

08 

>85 0 


Relapse 

10 

259 

07 

97 0 

1150 

Remission 

11 

198 

40 

15 4 

35 5 

Recovenng from relapse 

12 

236 

28 

18 7 

29 2 

Recovering from relapse 

13 

254 

57 

10 1 

14 0 

Remission 

14 

262 

10 4 

46 

65 

Remission 

Mean of 12 healthy 





persons* 

95 

63 

80 



* Senes from study by Reitemeier, Code, and Orvis (8) 


of the small bowel throughout most of the test, 
whereas in healthy persons the same amount of 
banum suspension w’as quickly distnbuted over 
a wide area 

DISCUSSION 

It should be emphasized at the outset that in- 
testinal absorption as determined by the technics 
employed in this study is the unidirectional passage 
of the labeled matenal from the lumen of the bowel 
to the arterial blood It is not a measure of the 
net result of exchanges in both directions across 
the intestinal mucosa which has often been used 
by otliers as the index of absorption 

Wollaeger and Scribner ( 1 ) found that absorp- 
tion of water was retarded in patients wuth sprue 
when the water was taken dunng or following a 
meal The results obtained in the present study 
demonstrate that the absorption of water is re- 
tarded in patients wath sprue even in the absence of 
food These results confirm the earlier findings 
of Taj lor (3) They indicate in addition that the 
degree of retardation parallels in a rough ivay the 
condition of the patient, being greatest dunng 
exacerbations of the disease The present study 
also confirms the findings of Newsholme and 
French (5) that there is a delay in the absorption 
of sodium from the small intestine of patients ivith 
sprue Tlie degree of the defect of absorption is 
greater for sodium than for water The question 
anses, ‘Ts sodium the anchor that holds the ivater 
m the bowel ' ’ It seems likel} that other factors 
arc also in\ oh cd 


Although this investigation demonstrates slowed 
absorption of water and sodium from the small 
bowel of patients with nontropical sprue, it does 
not define the mechanism of the defect Reduced 
motihty ivas certainly present in the small bowel 
of all of our patients in relapse It has been shoivn 
by others that the absorption of glucose, methio- 
nine (13) and vitamin A (14) from the small 
bowel of human beings is slowed or hastened by 
decreases or increases in the motor action of the 
small intestine Higgins, Code, and Orvis (15) 
have recently found tliat the absorption of water 
and sodium from the upper part of the small bowel 
IS retarded m healthy persons when propulsive 
motility IS reduced or ehminated by the admin- 
istration of methanthehne bromide It seems 
likely that the reduced motihty of the small bowel 
of the patients we studied contributed to the slowed 
absorption of both water and sodium Other fac- 
tors, however, were most hkely also involved, for 
the much greater retardation of the absorption of 
sodium than of water suggests additional and more 
speafic defects such as might occur in the mem- 
brane or membranes separating blood from bowel 
contents 

SUMMARY 

The rate of absorption of isotopically labeled 
ivater and sodium from the small bowel in 14 
patients wuth nontropical sprue ivas abnormally 
slow when the patients were tested dunng relapse 
of their disease When the patients were tested 
dunng renussion, the rates approached or became 
equal to those of healthy persons 
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Only a few adaptive mechanisms by which the 
body responds to hypoxia are at present under- 
stood well enough to be quantitatively examined 
and eraluatcd Among these are the alterations 
that occur in the pulmonary ventilation, the acid 
base balance of the blood and the oxygen carrying 
capaaty of the blood It is the purpose of this 
paper to compare the adaptive value of these ad- 
justments, as judged by their effectiveness in 
raising the partial pressure of oxygen in blood and 
tissues, m two tjqies of hypoxia 1) that arising 
from chronic exposures to a low Poj in the en- 
nronment (altitude hypoxia) and 2) that ansing 
from the presence of a nght to left shunt in the 
arculahon (shunt hypoxia) We shall attempt 
to show' that although the changes which occur in 
these two types of hypoxia are quabtahvely simi- 
lar in some respects, there are important quanti- 
tative differences in their adaptive value We 
shall also present evidence that in the case of 
shunt hj-poxia there is no reduction m the basal 
OX} gen requirement of the body For previous 
work b} other authors pertinent to our general 
subject see references 1 through 4 More de- 
tailed data and a descnption of methods used in 
this investigation may be found in references 5 
through 8 

Pulmonary ventilation 

Numerous imestigators have showm that indi- 
wduals who are chromcally hypoxic from pro- 
longed residence at high altitudes have an in- 
creased 1 entilation w hich is greater the higher the 
altitude There is endence in the hterature that 
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contract AF IS (600) -342 wnth the USAF School of 
Asnation Methane, Randolph Field, Texas 

- Present address Department of Pediatrics, Syracuse 
Memonal Hospital, Syracuse 10, Kew York, 
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individuals who are hypoxic because of circula- 
tory shunts also ventilate more than normal 
We have measured the total resting ventilation 
of individuals tvith shunt hypoxia and have con- 
firmed the presence of hyperventilation (6) In 
a smaller number we have made measurements of 
the resting alveolar ventilation The results are 
shown as points in Figure 1 For companson a 
curve previously published by Rahn and Otis (9) 
and indicating the magnitude of alveolar ventila- 
tion as a function of alveolar Pq, in healthy indi- 
viduals who had lived at altitude for relatively ex- 
tended penods is also showm Although our data 
show a rather large vanation among individuals 



Fig 1 Alveoi,ar Pcoj and Relative Alveolar Ven- 
tilation AS A Function of Arterial Poj 

The solid arcles represent measurements made on 
patients with congemtal heart disease. Those with a 
Poj less than 75 mm had right to left arculatory shunts, 
those with a P 03 greater than 75 mm did not The al- 
veolar Pccb w’as either directly determined from analysis 
of end tidal samples or calculated from expired Pcoj and 
estimated dead space. The curve is taken from Rahn and 
Otis (9) and apphes to normal individuals acclimatized 
to various altitudes Relatise alveolar vcnUlation was 
calculated as follows 

,, 38 mm 

Va “*-5-; 
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they demonstrate a definite tendency for the al 
\colar ventilation to increase with decreasing ar- 
tenal Poi, the relabonship bang similar in form 
but less in extent to that found for the altitude 
dwellers 

The hyperpnea of the altitude dweller constitutes 
for him an important adaptabom If at 15,000 
feet for example, an individual did not increase 
his ventilation above the sea level value, his 
alveolar (and arterial) Poj would be about 38 
ram Hg Hia arterial oxygen saturation would 
be about 72 per cent. The increase m ventilation 


that usually occurs m the individual acclimatized 
to this altitude is such as to mcrease his artenal 
Poi to about 50 mra Hg and his artenal saturation 
to about 83 per cent an increase which is really 
significant as an adaptive mechanism 
The victim of shunt hypoxia on the other hand, 
can increase the oxygenation of his artenal blood 
but Uttle by hyperpnea. His pulmonary venous 
blood \viU be about 97 per cent saturated even with 
a normal ventilation , and although increasing the 
\cnUlaticm will raise the Poa of this blood it will al 
ter the per cent saturataon only msigmficantly bc- 
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cause of the flatness of the dissoaation cun e in this 
region Furthermore that component of this mixed 
artenal blood which is shunted around his lungs 
will not be directly affected at all Resting hyperp- 
nea in such an indmdual would therefore seem to 
be of neghgible adaptii e toIuc as far as improve- 
ment of oxjgenation of his sj’stemic artenal blood 
IS concerned 

However, the presence of a nght to left shunt 
introduces a problem in CO» elimination as well 
as of OX} gen uptake With a normal resting ven- 
tilation the pulmonary venous Pco; will be normal 
but the artenal Pcoj uall be higher and artenal 
pH low'er than normal because of the admixture of 
venous blood A normal artenal Pco 2 and pH can 
be maintained only by h}’perventilation of the 
proper magmtude With no increase in ventila- 
tion a normal pH, but elevated Pco;, could be 
maintamed by an increase in the alkaline resene 
It IS therefore of interest to know exactly how- the 
aad base balance is adjusted m shunt hypoxia 

Acid base balance 

We have measured artenal pH, and plasma 
bicarbonate and have calculated the artenal Pcoj 
in 35 individuals wnth shunt hypoxia and in 12 
nonhj'poxic indmduals The results are showm 
in Figure 2 in which each of the abo\e vanables 
IS plotted as a function of the artenal O- satura- 
bon The following regression hnes have been 
calculated 

pH = 0 00189 Sat ) + 7 19 
Std error of estimate = 0 05 

(HCO,) =0 074 i^o Sab) -1-15 09 
Std error of estimate = 2 54 

Pco 2 = 4223 - 0 0234 (fo Sat ) 

Std error of estimate = 54 

The interrelabonship among these I’anables is 
graphical!} presented in Figure 3 on the pH-bi- 
carbonatc diagram of Davenport (10) The data 
are wndcl} scattered and values from the nonh}- 
poxic and hj'poxic groups overlap to some extent 
but tlie points represenhng the h}'poxic group 
tend to fall in the region of the chart below the 
normal pH and below the normal buffer line, and 
so indicate metabolic aadosis 


r j 



Fig 3 Relationship between Plasma Bicarbonate 
(Mnj.moLS pee Liter), pH and Pco, mm He 

Qosed circles represent subjects with and open aides 
subjects without shunt hj-poxia The hnes labelled red. 
and ox. are standard dissonation curves from Davenport 
( 10 ) 

The large arcles on the chart labelled 10, 0 8, 
06, 04 are calculated from the regression equa- 
bons for 100 per cent, 80 per cent, 60 per cent and 
40 per cent saturabon, respeebvely, and their posi- 
bon indicates a tendency for metabolic aadosis to 
increase progressively with hypoxia The posibon 
of the tnangle represents the aad-base picture of 
residents at high albtude who have a per cent 
saturabon of about 75 (11) There is no doubt 
that the average congenital cyanobc individual in 
our group has a different aad-base adjustment 
than the albtude dweller with a similar degree of 
hypoxia 

Figure 2 indicates that the aUcali reserve of 
individuals with shunt hj-poxia tends to be re- 
duced m proporbon to the degree of hypoxia but 
to a less extent and for a different reason than is 
that of albtude dwellers who are chronically hy- 
poxic to a sunilar degree Our subjects tend to 
maintain an alveolar Pco; of about 40 mm on the 
average, whereas the h}-poxic albtude dweller has 
a much lower Pcoi Consequently, the average 
congenital cyanobc indmdual appears to be in a 
state of metabolic aadosis which is only parttally 
compensated b} an increased ventilation Such 
a tendency toward metabolic acidosis in congem- 
tally cyanobc indmduals has been reported pre- 
viously by Morse and Cassells (12) 
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The aad base picture id chronic alMude hjr 
poxia IS by contrast, one of compensated resptra 
tory alkafosis This situation enables the moun 
tain dweller to load his arterial blood at a relatively 
high Poi and at the same tune to maintain a nor- 
mal pH. 

Although the mechamsms and the sequence of 
events involved m the aad base adjustments to 
altitude hypoxia seem reasonably well understood, 
the same cannot be said for the mdividual who is 
hypoxic from congemtal heart disease. It is not 
clear, for example, why the respiratory center does 
not respond suffiaently to relieve the addosis that 
tends to be present in these individuals Regard 
less of Its origin it may be that an aadosis is of 
advantage to the congemtal cyanotic because it 
would tend to aid in the unloadmg of oxygen in 
the tissues without hindering to a comparable de- 
gree the loading of oxygen ra the lungs Refer- 
ence to the nomograms of Ddl, Talbott Consolano 
and Edwards (11 13) will make this clear 
Consider an individual whose arterial saturation 
IS 65 per cent because of the presence of a nght 
to left shunt The blood leaving his lungs will 
be almost completely saturated (say 97 per cent) 
whatever the pH, since the Bohr effect is very 
small at high saturations If the pH of the mixed 
arterial blood beyond the shunt were 7 4 the Po, 
at 65 per cent saturabon would be 34 mm On 
the other hand if the pH were 7.25 the Po, at the 
same saturation would be 39 mm The Po, of 
mixed venous blood leavmg the tissue would be 
affected to about the same degree, and we may 
conclude that the presence of the aadosis resulted 
In delivery of O, to the tissues at a pressure about 
S mm. higher than would have occurred at a 
uormal pH 

Thus it appears that the aadosis observed fn 
some congenital cyanotic mdivlduals may be con 
sidered as an advantageous adaptation insofar as 
delivery of O, to the tissues is concerned although 
It may of course be disadvantageous m other 
regards 

One might ask whether aadosis would similarly 
be of benefit m altitude hypoxia The answer 
seems to be that it would not, because in the hy 
poxia of high altitude the blood leavmg the hmga 
is at a relatively low saturation and the Bohr ef- 
fect would binder the loadmg of O, m the longs 


suffiaently to offset any advantage to unloadmg m 
the tissues 

This can be illustrated by a speafic example 
again with reference to DiU, Talbott and Con 
Eolario s (11) nomogram. Consider an mdrvidual 
at altitude, who has an oxygen carrying capaaty 
of 30 volumes per cent, who is ventilatmg at such 
a rate that his arterial Po, is 33 mm., and whose 
A-V oxygen difference is 5 volumes per cent 
At pH 7 4 the arterial saturation will be 65 per 
cent and the mixed venous saturation 48 per cent 
corresponding to Po,3 of 33 mm. and 25 mm. 
respectively At pH 725 the artenal saturation 
will be 56 per cent and the mixed venous satum 
hon 40 per cent corresponding to Pc’s ol 33 and 
25 mm., respectively Thus an aadosis is en 
dently ol no advantage to the deUvery ol O, m 
the case of altitude hypoxia. 

T/ie tncrcaie in oxygen carrying capacity •anth 

chronic hypoxia 

It 18 well known that mdivlduals who are 
chromcally hypoxic tend to develop a polycythemia 
with a concomitant mertase in the oxygen carry 
Ing capacity of the blood. The mechamsm by 
which the increased hemoglobm is brought about 
is still obscure nor is there general agreement as 
to its importance m the overall picture of acclima- 
tiration (14) 

Data showing the magmtude of the increase m 
oxygen carrying capaaty of the blood m man rc- 
sidmg at vanous altitudes have been summarued 
by Hurtado (15) In Figure 4 we have plotted 
these data to show the oxygen carrying capaaty 
as a function of the per cent saturation of the ar- 
terial blood. It is evident that an excellent linear 
relationship exists the equation for the straight 
line bemg 

C max = 671- 0476 Sa (7) 

where C max is the oxygen carrymg capaaty in 
volumes per cent and Sa is the per cent satura 
tlon of arterial blood 

The combined O, earned by the artenal blood is 
the product ol capaaty times saturation or m 
this case 

CaO, = 67 1 Sa - 0476 Sa* (2) 

Values for combined oxygen have also been 
plotted on Figure 4 as well as a curve calcubted 
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In contrast to these striking results normal or 
slightl} elevated values for basal oxjgen consump- 
tion in congenital cj-anotic heart disease have been 
obtained b> Holhng and 21ak (17), Burchell, Tay- 
lor, Knutson, and Wood (18), ErnsUng and 
Shephard (2) and Davison, Armitage, and Amott 
(4) Thus the majonty of the evidence indicates 
that no diminution in basal oxjgen requirement 
occurs in chronic hypoMa resulting from congeni- 
tal cjunotic heart disease, but the question is of 
such fundamental importance that vve deaded to 
satisfy our cunosity by measurements of our own 
None of the abov e mentioned mv estigators made 
measurements of oxygen consumption on a control 
group of acyanotic individuals but used “standard 
vnlues” for companson Consequently, for our 
own investigation vve decided to include a suitable 
control senes 

Our chromcall> hypoxic senes consisted of 42 
individuals with cjnnotic congenital heart disease 
The artenal oxygen saturation in this group 
ranged from 61 per cent to 93 per cent and aver- 
aged 83 per cent Our control senes was com- 
posed of 45 individuals with non-cyanotic con- 
genital heart disease, and artenal oxj-gen satura- 
tions of 94 per cent or higher Vanous age groups 
were represented in both senes The measure- 
ments of OX) gen consumption were made in con- 
nection vnth the procedure of cardiac cathctenza- 
Uon which was being performed for diagnostic 
purposes The subjects, who were in a fasting 
state, had received shortly before the procedure 
prcmedication consisting of morphine sulfate, 1 
mg per S Kg body weight and scopalamine, 0 05 
to 0 1 mg per 5 Kg body weight, and in the age 
groups up to 15 years Nembutal® suppositones, 
2 mg per Kg body waghL The patients over 
15 )ears usuall) received Nembutal® orally in a 
dose of 0 1 gm Oxjgen consumption measure- 
ments were based on the analjsis of expired gas 
collected m a 100-liter recording spirometer Af- 
ter tw o or three preliminary wash-out penods, the 
final collection was made during a 3-minute pe- 
riod Anal) SIS of the expired gas was performed 
on the Schohnder (19) apparatus Bod) surface 
area was estimated from height and weight ac- 
cording to Dubois (20) Oxygen saturation was 
determined b) a modification of the Nahas (21) 
techmque on blood samples drawn b) artenal 
puncture. 


RESULTS 

Since it IS well known that the resting oxygen 
consumption per square meter of surface area 
vanes considerably wnth age, allowance for this 
was made in the interpretation of our data The 
subjects in each senes (acjanotic and cyanotic) 
were divided into five age groups and the mean 
oxygen consumption was determined for each 
group The results are represented graphically in 
Figure 7 Data from Robinson (22) for the 
resting oxygen consumption of normal males of 
comparable ages are also shown for companson 

It is clear that up to age 20 our data for both 
the cyanotic and acyanotic senes agree remark- 
ably well with those of Robinson In the higher 
age groups, however, our values, while still show- 
ing no significant difference betw een cyanotic and 
acyanotic patients, deviate significantly from those 
of Robinson’s We are not certain as to the ex- 
planation for this discrepancy, but offer the sug- 
gestion that the older age groups were not as com- 
pletely relaxed during the procedure partly per- 
haps because of less effective sedation and partly 
because of greater apprehension ansing from more 
awareness of the potential hazards of cardiac 
catheterization 

At any rate, the important fact from the point 
of view of the present investigation is that there is 
no significant difference between the oxygen con- 
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sumption of patients with chrome hypoxia arising 
from arculatory anomalies and that of those who 
had arculatory anomalies but no hypoxia. This 
IS true whether the comparison is made between 
the two senes as a v-hole or between stmilar age 
groups from the two series 

“We have also compared our two senes m an 
other fashion on the bans of basal metabolic rates 
estimated by application of the Dubois (20) nomo' 
gram to our measured values for cw^gen consump- 
tion, This corapanson shows that, although in 
each senes there is a slightly higher than normal 
value, the difference between the two se- 
nes IS not significant 

From this study we can only infer that the 
resting oxygen requirement is not depressed m our 
chronically hypoxic subjects and so arc m agree 
ment with the majonly of other investigators men- 
tioned m the mtroduction, and at vanance with 
the findings of Bing Vandara Handelsraan, Camp- 
bell, Spencer and Gnswold ( I ) Whether the low 
values for oxygen consumption obtained by Bing 
mean that his hj-poxic subjects were vastly dif 
ferent from those studied by others or whether 
they were due to some systematic difference in 
bs technique of measurement is a question that 
cannot be answered Only one of our subjects had 
a B MJl as low as the average of Bing s group 
Possibly Bing s subjects were more hcavilv se- 
dated during the test, but no mention of sedation 
IS made in his published reports The objection 
might be raised that our cyanotic subjects were, 
on the average less hypoxic than were Bing*8 
and that one therefore might expect less of a de- 
pression of metabolism in our group This argu 
ment appears weak, however in viw of the ftict 
that his data show no sigmficant correbtion be- 
tween degree of hypoxia (as estimated by arterial 
saturation) and depression of the basal metabolic 
rate It is unfortunate that Bmg s study did not 
include measurements on a control group of non- 
cyanotic subjects 

COMUENT 

Wc have examined only a few of the matty 
bodily adjustments that may occur as a result of 
exposure to chronic hypoxn and ha^e evaluated 
these on the basis of a single cntcrion their ef 
fectivcncss m cla’atmg the Pot of the body Other 


adjustments may be of equal or even greater nn- 
portance and other criteria for their evaluation 
ma> prove more useful (23) 

We ha\e dehberately omitted any consideration 
of cardiac output because m the case of shunt h) 
poxia, there is not sufBaent information available 
as to how an alteration in cardiac output is distrib- 
uted between systemic and pulmonary flows when 
a shunt is present (4 18) 

Adaptations arc by their nature, compromises 
in that concessions must be made m return for 
the ad\'antages gained. For exxunple, there is evi 
dena that polycythemia is a predisposing factor 
in the formation of pulmonary and cerebral 
thrombi (24 25) The importance and prob- 
ability of occurrence of such undesirable effects 
must of course be taken into iccoimt m an> com- 
plete e\’aluation of an adaptive mechanism, es 
penally when mdmdual cases are concerned 

SUilMARY 

Although an increased pulmonary ^cntilation is 
an important adaptation to altitude hj^ioxia it is 
of negligible value in raising the Po, of the bod> 
in shunt hypoxia. It may be of importance m the 
optimal regulation of aad base balance in the 
latter instance however In dironic altitude hy 
poxia the usual aad base balance is one of com 
pensated respiratory alkalosis In shunt hN'poxia 
there is a tendency for metabolic aadosis to be 
present. This may be of ad\'antage m aiding the 
unloading of oxygen from blood to tissues Poly 
cythcmia, which is usually present m both altitude 
and shunt hjTWxia is a more efTecti\'e adaptation 
m the latter type because here it can raise the ar 
tcnal as w ell as the mixed \ cnous Po, The basal 
oxygen requirement of indmduals with shunt hy 
poxia does not appear to be lower tlian tlie normal 
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Although chlonde is distributed chiefly m the 
extracellular fluidi it is also found m intracellular 
■water in as yet poorly defined quantities The 
extracellular distrihubon includes plasma, free 
interstitial fluid the interstitial fluid of dense con 
necUve tissue and bone and tianscellular fluid 
The latter has been proposed as that portion of 
extracellular fluid formed, at least in part as a 
result of active cellular transport mechanisms (1) 
The chemical composition of gastrointestinal con 
tents differs m many ways from a simple ultrafil 
trate of plasma. There is good evidence that 
chlonde flux across the gastrointestinal mucosa 
other directly or indirectly involves active trans* 
port mechanisms (2, 3) 

The physiologic significance of the chlonde m 
transcellular fluid depends on its quantity and on 
the extent and rate of its equilibration -with total 
exchangeable chlonde, as well as other factors 
The large volume of chlonde-contammg fluid m 
the gastrointestinal tract (4, S) is one reason for 
the quantitative and functional definition of this 
moiety in relation to total body chlonde 

Radiobromide (Br”) was used as the tracer 
material in this study because of some disadvan 
tageous physical charactenstics of chloride** and 
chlonde** The half life of Q** is 4 X 10* years 
(6) making it a potential hazard in terms of lab- 
oratory contamination and disposal Q** has a 
half Ufe of only 37 minutes ^\hlch limits its value 

^ This work was carried out with the support of gr mU 
from the American Heart Associatian, the ‘United State* 
Public Health Service (No H 1441) the Flelschmann 
Foundation, the San Frandico Heart Atiocfatioo wul 
the Paul and Susan Gardiner Fund. 

•Research Fellow of the National Heart Institute 
U S PubUc Health Service. 

• Established Investigator of the American Heart 
Association. 


m studies requinng an equilibration penod of more 
than a few hours (6) 

The bromide chlonde ratio has been shcmii to 
be the same in tissues as in plasma after distribu 
bon equilibnum in ammals, except for bram and 
cerebrospinal fluid (7-^) On the basis of these 
observabons stable and isotopic bromide has been 
used extensively for in vwo eitimabons of total 
exchangeable chloride (Cl,) (7, 10-15) 

This commimicabon presents observabon on a) 
the fracbon of total exchangeable chlonde (Q,) 
in the lumen of the gastromtesbnal tract of normal 
rabbits b) the exchangeability of this chloride 
fraction based on bromide parbbon and c) the 
amount of chloride m the gastrointcsbnal tract of 
man at post mortem examination 

METHODS 

A Rabbits 

Thirty-eight »doIt alUno rabbit* were itndled in pair*, 
coTuhting of a male and a noa-graWd female. The ani 
mal* were allowed od libitum Ingestion of water but 
food wa* withheld from the time of Isotope injection mi 
tn aacrificc. The ^ting periods varied from 21 to 65 
hour*. 

Each animal wa* injected intraperitoncalty with 15 to 
25 mi cr oc u riea of KBr” from calibrated *yrragc».< The 
Injected material wa* made up a* a neutral, sterile 
ijotonic lolation with saline. Observation* on half Hvcs 
of decay on aliquot* of the injected material fell within 
the reported value* for Br" ( 6 ) Indicatiog that any 
small quantities of K* present were not contributing 
dgnificauitly to ratEoa*aay 

* KBr* wa* lupplled by the Oak Ridge National lab- 
oratory of the Atomic Energy Comratislon. On the 
day of shipment each unit contained 5 roilGcunc* of K* 
and 120 mllUcuries of Br" Fire half lives for K* were 
allowed to eUpse prior to tiie. Insuring negligible coo 
taosinatloo. Br" 1* a p* 7 eroitlcr with a half Ufe of 557 
hour* ( 6 ) 
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The techniques of collection of blood, bladder unne, 
stool and gastrointestinal contents were described in 
prenous communications (1, 16) Unne and stool passed 
during the period of isotope equilibration were collected 
quantitatiiely in metabolism cages. In eight instances 
erj'throcj'tcs were aspirated from below the plasma lajer 
of centrifuged heparinized blood obtained bj cardiac punc- 
ture. The erj-throc3-tes were hemolj-zed in four times 
their solume of distilled water, and the hemoli sates were 
filtered through double thickness paper No attempt was 
made to remose trapped plasma, since the error due to 
plasma contamination in the speafic actinty of crythro- 
c}-te chlonde would not c.xceed 10 per cent Excreted 
stool and fecal contents of the distal portion of the large 
bowel were homogemzed m a Warmg blendor with 
measured i-olumes of distilled water, and filtrates col- 
lected after passage through glass-wool Aliquots of 
plasma, Ijsed erythrocytes, bladder unne, cage unne, 
excreted stool, stool m the descending colon and gastro- 
intestinal contents were taken for assay of radicacbvity 
and chemical analjsis No attempt was made to pre- 
vent 1 olatilization of HBr by neutrahzation of gastnc 
contents during the bnef e.xposure to room air 
One-ml aliquots of all samples were plated on filter 
paper in metal planchets in tnplicate, dned under an mfra- 
red lamp and cosered wuth parafiJm. Standards of three 
separate dilutions were prepared from aliquots of each 
of the injected solutions Tnplicate one-mL plates were 
made from each dilution as above. It was found that ad- 
dition of one drop of concentrated detergent solution to 
"be standards and one or two drops of SO per cent su- 
rose solution to all planchets improved the reprodua- 
ilitj of radioassay 

Assaj of radioachvnt} was earned out with an end- 
.indow, thalhum-activated sodium-iodide sanbllabon 
ounter Coincidence and self-absorption losses were 
3und to be negligible. Consequently, these corrections 
.ere not applied Corrections for background radiabon 
nd decaj were applied to each assay 
Serum, unne, stool and gastrointestinal contents were 
nalj-zed for chlonde content in tnplicate by the Wil- 
on and Ball method (17) Iced contamers were used 
0 sharpen the end-pomts 

f Human subjects 

Thirteen human subjects were studied at the bme of 
ost mortem examinabon The age, sex, weight and 
eight of each subject was recorded The entena for 
ahent selecbon and the post mortem pathologic findmgs 
lere descnlicd in the first report in this senes (1) 
)irect collections were achieved bj emptjing each seg- 
lent of the gastromtesbnal tract The details of col- 
xben and prcxiessing of these samples hav e been reported 
,jrcviously (I) A thin layer oi mucus mvanably dung 
to the mucosal wall of each segment Quanbtabve empty- 
mg o' each «egmcnt was not attempted to avoid contami- 
nabon o' the samples wath gastrointestinal cpithehum or 
blood 

Tnpbcate chlonde anali*es were earned out on ah- 
quots o' the diluted contents collected from each seg- 


ment of the gastromtesbnal tract bj the Wilson and Ball 
method (17) 

CALCUI-ATIOAS 

A Rabbits 

Bromide is, for the most part, parbboned in direct 
proporbon to chlonde m body flmds (7-9) The apph- 
cabon of radiobromide (Br“) dilubon to the measure- 
ment of total exchangeable body chlonde content is jusb- 
fied on the same grounds as the use of bromide (Br”'®) 
for this purpose, and yields results which closely approxi- 
mate those obtamed with radiochlondc (Cl*'") (7, 14, 
15) 

The total exchangeable body chlonde content (Cl.) 
was calculated with the convcnbonal dilubon formula (1), 
corrected for urinary losses Cardiac blood samples 
were drawn 21 to 65 hours after injecbon of Br" Un- 
narj loss of Br" was extremely vanable in spite of the 
fact that the animals were matched for age, sex and 
body weight and kept on idenbcal diets pnor to fasbng 
In 14 rabbits fasted for 21 to 27 hours the cumulabve 
unnary Br” excrebon rate averaged 8 1 per cent of the 
injected amount per day, with a range of 1 0 to 1S2 per 
cent per day, in 17 rabbits fasted for 41 to 48 hours the 
cumulabve unnary Br" c.xcrebon rate averaged 94 per 
cent of the injected amount per day, with a range of 5 1 
to 222 per cent per day, while the two rabbits subjected 
to 64- and 65-hour fasts e-xcreted Br” at a rate of 4 7 and 
36 per cent of the injected amount per day, respecbvely 

The parbtion of Br" in proportion to chlonde in gas- 
trointesbnal contents and erythrocytes was evaluated by 
relabng the Br" chlonde concentrabon of these samples 
to the Br” chlonde concentrabon in serum and ex- 
pressed as the speafic acbvity rabo (SAiR.) The 
S-A.R, IS indicabve of the fracbonal exchange of the 
bromide tracer rcJabve to chlonde, and exchange equi- 
bbnum is assumed to be complete when a value of 1 00 
IS obtained consistently (1, 18) 

B Human subjects 

The mtralurmnal gastromtesbnal chlonde content has 
been expressed as an absolute quanbty (mEq), as the 
amount per umt of body vvaght (mEq per kgm.) and as 
a percentage of the predicted total exchangeable chlonde 
content (per cent of Q.) (cf Table IX) The total ex- 
changeable chlonde content was predicted from previ- 
ously published normal values (11, 12, 19) The avail- 
able data on Cl. in normal human subjects are too few in 
number to permit predicbons corrected for age or body 
habitus We have, therefore, applied single standards, 
takmg mto account only sex and body weight It was 
assumed that the Q. was 29 0 mEq per kgm and 30 9 
mEq per kgm of body weight in female and male sub- 
jects, respecbvely There is abundant evidence from 
chlonde balance data m humans to indicate that these 
predicbons probably do not involve errors in excess of a 
factor of two The need to establish some csbmate of 
gasb-omtesbnal chlonde pool size m terms of total amount 
of chlonde m the body m humans jusbfies these crude 
approximabons 
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Platma vtrstu erythrocyte ipeafic actmty in the robht 21 io 24 hovrj after 
injectUm of rodiobromsde* 
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RESULTS 

A Rabbits 

The partition of Br** between plasma and crylh 
rocytes was evaluated by detenmmng the S AJL 
of these samples m 8 rabbits 21 to 24 hours after 
the injection of Br** (cf Table I) The mean 
S A JR. of 1 00 d: 0 03 indicates that Br** is dis- 
tributed in direct proportion to chloride across the 
red cell membrane. These data corroborate prcvi 


ous obscrvaOotis on bromide penetration into red 
cells (8 14) 

Scx-lioked differences m body composition have 
been noted in human subjects in previous studies 
(10-12 20) Sixteen male-female pairs were 
studied to evaluate the possibility of sex linked 
differences m either Q# or gut chloride content 
Each pair was matched for weight and age and 
subjected to identical periods of fasting and isotope 
eqmlibration Although the Cl* content of the 


TABLE n 

The exchangeabie chionde (C/ ) end gasiromtestinal chl(md* content of 
mate veretts femaU rabhU * 
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TABLE m 

The effect of iveying equilibration periods of 21 to 65 hours on the estimated 
total exchangeable chloride (Cl,) content in rabbits 


Equilibration 

Period 

Hour# 

Huabor of 
AdIeoIb 

Cle/Body Weight 
nEq /Kg (Been + # d ) 

t 

21 - 2U 

lU 

33 8 + 2 92 

1.74 

ko -U6 

17 

35 7 + 3 14 

64 - 65 

2 

36 3» 



* The two value# averaged are 35 9 *nd 36 7 oEq /Kg of body weight 
Both values fall within one standard deviation of the ccan value 
after either 21 - 2 U or hO - h 8 hours of oijulllbratlon 


male (35 5 ±32 mEq per kgm of body weight) 
IS slightly higher than that of the female (34 2 ± 
3 5 mEq per kgm of body weight), neither the 
differences m Qo nor in the “total” gastrointestinal 
chlonde achieves statistical significance (cf Table 
II) In view of these findings subsequent calcu- 
lations tvere made mthout regard to the sex of the 
individual ammals 

To evaluate the possibility of slow penetration 
of bromide into tissues beyond the accepted 24 
hours required for distnbution equilibnum, stud- 
ies on the effect of vaiymg equilibration penods 
rom 21 to 65 hours on the estimated O, were 
amed out in 33 rabbits These data are sum- 
nanzed m Table III Although the Cl« per kgm 
)f bod) -weight is slightly higher in the group 
\here 40 to 48 hours were allowed for equilibra- 
lon, this difference, 1 9 mEq of chlonde per kgm , 
s not stabstically significant (p > 0 10) These 


data confirm and extend those reported on the 
equilibration of bromide and radiochlonde (8, 9, 
21 ) 

The data tabulated in Tables II and III indi- 
cate that sex or prolongation of the period of iso- 
tope equilibration may not influence significantly 
the Cle per kgm of body weight The data on 
these groups have been combined, and the serum 
chlonde and Cl® are hsted in Table IV The se- 
rum chlonde averaged 98 4 6 4 mEq per liter 

and the Qb averaged 71 0 it 8 7 mEq , or 345 ± 
3 5 mEq per kgm of body weight Weir (7) re- 
ported a mean Ck of 30 2 mEq per kgm of body 
weight in 10 rabbits estimated by bromide dilution 
after 1 to 1 5 hours of equibbration, which indicates 
that 80 to 90 per cent of distribution equilibnum 
IS reached in the first 1 to 2 hours 

The penetration of Br*= into the gastrointestinal 
tract has been evaluated by measurements of the 


TABLE IV 

The exchangeable chlonde {.CIT) content in the rabbit* 


1 

Body Weight 
Kg 

Senio Chloride 
uEq /l 

Exchangeable Chloride 
oEq BEq./Kg 
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of gastric, small bowel and proximal large 
bcmel contents after 21 to 24 hours and 41 to 48 
hours of equilibration These data are listed in 
Table V EquiUbration is almost complete m 24 
hours but there appears to be some mcrcase in 
equilibration dunng the second day m both gastnc 
and small bmvel contents (p < 0 01) The 
for stomach may seem to be somewhat less than 
100 per cent equilibrated at 48 hours because of 
voIatiUration of small amounts of HBr at the time 
of sample collection Gamble Robertson Hanm 
gan, Foster, and Farr (15) noted more rapid 
penetration of radiobromidc compared with radio- 
chlonde mto gastnc juice of man dunng the first 
2 hours of equihbratiom Their data cannot be di 
rectly compared with ours because of differences 
in speaes and time of sampbng Proportional 
distribution of bromide to chlonde betiseen scrum 
and gastnc juice has, however been found m pa 
tients after chronic bromide ingestion (22) 


Data on the effect of short fasting penods on 
the quantity of mtialummal gastrointestinal chlo- 
ndc relative to have been summarized in 
Table VI There appears to be some dcdinc in 
intraluminal chlonde content dunng the second 
fasting day i e , total gut chlonde of 20 0 5 6 

per cent of CU after 24 hours of fasting versus a 
value of 16 0 ± 4^ per cent of O. after 48 hours 
of fasting (0 05 > p > 0 02) To be certain of 
this effect would reqmrc more prolonged penods 
of observation Since there may also be some 
small gam m distnbution equiUhnum dunng the 
second 24 hours of fasting a 4S-hour equilibration 
and fasting penod was used as the basis for meas- 
onng intraluminal chlonde content 
The amount and distnbution of intraluminal 
chlonde after 48-bour equilibration and fasting 
penods are summamed in Table VII The ‘^to- 
tal gut chlonde is quite significant m quantity, 
averaging 16 0 ±4^ per cent of CU Gastnc 


TABLE VI 

The efeci of ehort fasting Penods on tnIraJwminaJ gastrointestxnai 
chlonde content* 
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TABLE vn 

Intraluminal gastrointestinal chloride content in the rabbit * 
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chlonde pro\ides the bulk of this quantity, uith 
a mean of 11 7 it 44 per cent of the Ck, v,hich is 
equu-alent to 73 per cent of the total gastrointesti- 
nal chlonde content This is in direct contrast to 
the distribution of gut sodium and potassium in 
rabbits, iihere 72 per cent of gut sodium and 63 
per cent of gut potassium are in the cecum and 
proximal half of the transverse colon (1, 16) The 
small amount of chlonde in the proximal segment 
of the large bow el, 1 7 ± 0 4 per cent of the Q*, 
suggests effiaent cecal conseiwation of chlonde 
This is borne out bj the studies on distal large 
bowel chlonde and the small daily fecal losses of 
chlonde 

Table VIII summanzes the data on the intra- 
luminal chlonde content of the distal colon and 
the rates of stool chlonde excretion during 24- to 
48-hour fasting penods The chlonde content of 
the distal segment of the large bowel is minute, 
and the fecal chlonde excretion rate is quite low, 
a\ eraging about 1 0 per cent of the CU per daj 
Although chloride exchange between plasma and 


gut apparently proceeds along the full length of 
the gastrointestinal tract, it would appear that 
net flow IS in the intraluminal direction at the oral 
end and m the direction of the blood stream at the 
aboral end of the gut 

B Human subjects 

The results obtained on post-mortem examina- 
tion of gut chlonde in man are enumerated in 
Table IX The interval between demise and col- 
lection of samples waned from 6 to 22 hours In- 
spection of these data indicates that there is no 
correlation between gut chloride content and the 
post-mortem interval Gastnc chlonde averaged 
14 7 mEq , or 0 9 per cent of the predicted Qe, 
which is approximately 50 per cent of “total” gut 
chloride (31 7 mEq , or 1 9 per cent of the pre- 
dicted Oe) Most of the remainder was found in 
the small bowel (114 mEq , or 0 7 per cent of the 
Qe) These data, although indicating significantly 
smaller gut chlonde contents in man as com- 
pared to rabbits, reveal a similar pattern of 


TABLE vm 

The intraluminal chlonde content of the distal colon and the rate of stool chlonde excretion 

in rabbits 



1 mttal Coloo nod Rectup { 

Stool Qilorlde p»*r 2U Hcur5* 

t=2q 

f “Total" 0-1 ^ Cl* 

Cblorlle 

CZq 

% "TotAl" O-I ^ Cl« 

Chloride 

fietn 

0 06 

0 5 0 09 

0 73 

6 2 1 03 


0 02 - 0 13 

02-11 OOi-016 

0 - 2 6lt 

0 - 221* 0 - 3 72 

Jfx:i>er 





of *nlrft.l» 


13 


13 


• stool coUtttloc* vtTT niit ortr » 1 to 2 ixj purloi eod locprttin u chlorM* exentod 
per iAj All •niralj v«re fMtlnj tbe coUcctloo ptrlod* 
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chlonde distribution along the length of the gas* 
trointestmal tract It must be emphasized, how 
ever, that these data arc not reliable, smcc agonal 
or post mortem changes m intraluminal chlondc 
content may have occurred Speaes diflPercnces 
for intraluminal water content have been reported 
(23) Defimtive measurements m man require 
access to gut contents immediately after sudden 
death in previously well individuals 

DISCUSSION 

Total body chlonde estimated tn vxvo m man 
by isotope dilution averages 31 niEq per kgm of 
body weight m adult males and 29 raEq per kgm. 
of body weight m adult females (11, 12, 19) In 
fants have significantly more chlonde averaging 
51 mEq per kgm which is to be expected m view 
of their lugher body sodium and water contents 
(13, 24 25) Weir (7) estimated the CU m rab- 
bits to be 30 raEq per kgm. based on 1- to 1 5 
hour bromide dilution. This figure is about 85 
per cent of the values of 35 5 mEq per kgra and 
34.2 mEq per kgm for male and female rabbits, 
respectively, vath 21 or more hours of equiHbra 
hon of Bi4» (cf. Table II) 

The distribution of body chlonde is important 
m the mtcrpretation of both metabolic balance 
data and the movements of water and ions across 
cell membranes Chlonde m the lumen of the 
gastrointestinal tract la obviouBly extracellular 
In man, the concentration of chlonde decreases and 
the concentration of bicarbonate increases progres- 
sively from stomach to colon (5 26, 27) The 
chlondc concentration vanes from about 150 
mEq per hter in the stomach to 50 to 80 mEq 
per liter m the colon There is a similar pattern 
of intraluminal chlonde distnbuticm in the fasting 
rabbit and m man studied post mortem The 
blood to-gut partition of Br“ parallels chlonde 
distribution closely as evidenced by the of 

090 1 00 and 094 for stomach, small intesUnc 
and proximal large bowel contents respectively 
(c£ Table V) These data support the thesis that 
intraluminal chlonde is an mtegral part of the 
body chlonde pool 

Direct evidence for bidirectional flow of chlo- 
nde has been obtained by Hogben (3) for the 
gastnc mucosa of the frog and by Visscher and his 
associates (28-31) for the small bowel mucosa of 


the dog Gastnc transport of chlonde is energy 
dependent and onented from serosa to mucosa (3) 
Intestinal transport of chlonde probably bas an 
active component as well Bidirectional flux is 
highest m the jejunum and louest m the colon 
(28-31) At the aboral end of the bo^el chlo- 
nde movement is onented from gut to blood 
Isotonic chlonde solutions placed in the ileum or 
proximal colon show consistent dimmution in 
chlonde concentration and a reaprocal nse in bi 
carbonate concentration, while the sum of tlie 
concentmbons of these amons remains unchanged 
(27 32 33) Taken together, these obscr^Titions 
justify the identification of intraluminal chlonde 
as a distinct subdivision of total extracellular 
chlonde. 

The rabbit has an impressive amount of intra 
luminal chlonde After 48 hours of fasting 16 
per cent of the Cl* is in the gut and 73 per cent of 
this quantity, or 117 per cent of the CT*, is in the 
stomach (cf Table VII) Smee chlondc m tlic 
proximal colon is only about I 5 to 2 0 per cent 
of the Cl* and the fecal excretion rate is oril> about 
1 0 per cent of the Cl* per day under fasting con 
ditions mtcstinal conservation of chlonde is clearlj 
an efficient process 

Using multiple simultaneous dilution techniques 
It has been estimated that total intracellular chlo- 
nde 18 30 to 40 per cent of the Q* (11 12 19) 
Smcc the methods for estimating extracellular fluid 
exclude gut contents intraluminal chlondc is mis- 
takenly mduded m these intracellular figures. In 
the rabbit Cl* averages 35 mEq per kgm , as 
summg a plasma interstitial compartment of 20 
per cent of bodv weight (34) and a serum chlondc 
concentration of 100 mEq per liter there would 
be 15 rnEq of chlondc per kgm of body weight 
outside of this phase At least 30 per cent of this 
fraction or 6 mEq per kgm,, is intraluminal md 
less than 25 per cent of the Cl* is intraccllubr 
This does not take into consideration other trans 
cellular fluids so that cnen this figure is too high 

Although post mortem studies on distnbulion 
of electrolytes m man arc imrcUablc it is of in 
tcrest to note the smaller quantities of intraluminal 
chlonde compared to those in the rabbit a\ eraging 
approximately 2 per cent of the predicted Cl* (cf 
Table IX) The pattern of distnbution along 
the length of the gastrointestinal tract is much tlic 
same as m rabbits about 50 per cent of total' 
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gastromtestmal chlonde in the stomach, 35 per 
cent m the small bowel, and 15 per cent in the 
proximal half of the large bowel The validity of 
these observations is not yet established however 
for the previously stated reasons 

SUMMARY 

Intraluminal gastrointestinal chlonde content 
was measured m rabbits and in human subjects 
studied post mortem In the former, gut chlonde 
was referred to Ch estimated with KBr^* while 
in the latter gut chlonde Nvas referred to the 
predicted Q, values. 

Total exchangeable chlonde averaged 34.9 d: 
3 5 raEq per kgm of body weight in rabbits Of 
this 16 0 =t 4 5 per cent was in the lumen of the 
gastromtestinal tract with 117 ± 44 per cent in 
the stomach 2 5 ± 07 per cent m the small in- 
testine, and 17 ± 04 per cent in the cecum and 
proximal half of the large intestme Radiobromidc 
exchange equilibnura was complete to within 10 
per cent for all segments of the gastrointestmal 
tract 48 hours after injection No significant drf 
ference m either the CU or the quantity of intra- 
luminal gastrointestinal chloride was found be- 
tween male and female rabbits 

Human subjects at post mortem examination 
had relatively small amounts of mtralutnmal gas- 
tromtcstinal chlonde the mean values were 1.9 
per cent of the predicted Cl* m the total gastro- 
intestinal tract, ivith 091 per cent m the stomadi 
0 67 per cent m the small intestine and 0 32 per 
cent m the cecum and proximal transverse colon 
The quantity of intraluminal chlonde in normal 
man cannot be reliably inferred from these data. 

The imphcahons of these data arc discussed in 
terms of the dynamics of chlonde transport across 
the gastromtestmal mucosa and the anatomy of 
body chlonde. 
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The concept of the anatomy of body water dis- 
tribution as a two-compartment system consisting 
of intracellular and extracellular fluid has been 
shown to be inadequate (1-5) The heterogene 
ous nature of tlie extracellalar fluid compartment 
has been established by previous studies on bone 
(2), dense connective tissue (6) and transcellu 
lar flmd (3-5) Gzek (3) has demonstrated that 
intraluminal gut water is a significant subdivision 
of body water in a number of species 

Neglecting the contribution of transcellular flmd 
to body water results in considerable errors in the 
derived normal values for body water compart- 
ments Furthermore, transcellular fluid if large 
enough m volume, must be considered as poten- 
tially important m determining the volume and 
osmolanty of plasma, interstitial and intracellular 
fluid by ion and water flux in or out of transccDu 
lar pools in response to metabolic stimuU 

In the preceding three papers of this senes we 
reported the measured amount of sodium potas 
Slum and chlonde contained withm the lumen of 
the gut in rabbits and m human subjects at post 
mortem (4 S 7) The present study is sunilar 
in design to these previous expenments and pre 
sents observations on a) the amoimt of mtralumi 
nal gastromtestmal water cjqircssed as a fraction 
of total body water (T B W ) and the extent of 

^Thli woric was earned out under ffranti from the 
Americaa Heart Association, the Umted States Public 
Health Service (Grant No. H 1441) the Fleischnuum 
Foundation, the Sin Francisco Heart Association, the 
Pan! and Susan Gardiner Fund, and the Raschen Tiede- 
tnawi Fund. 

‘Research Fellow of the American Heart Assooatioa. 

• Research Fellow of the National Heart Inititute of 
the United States Public Health Service. 

* EttahUsbed Investigator of the American Heart As 
socaboa. 


deutenum oxide (D*0) exchange equHibnum m 
gut contents m rabbits, and b) the amount of in 
tralnminal water m man at post mortem examina 
tion. 

UETHODS 

A Robtnu 

Forty adult albino rabbits were studied m pairs con 
silting of a male and a non-gravid feraaJe. The aaimaJi 
were fasted and thjrited All orine passed dunng the 
penod of isotope equiUbration u’ai coliected io a tnetabo- 
Imn cage. This p^od vaned from 2 to 5 boors. Each 
ammai was b;ected intrapentODeally with 2 ml of D,0* 
from a calibrated syringe. At the end ol the eqmtibrauoa 
period each amnat was anesthetired v-rth 2 ml of 2 per 
cent todrum pentobarbital injected into a dorsal ear vein 
and was then weighed to the nearest gram. A blood sam 
pie was obtained at this time by cardiac puncture through 
the intact chest vrtil with a syringe containing dry 
heparin. The synngc was capped and centrifaged im 
medlateiy after coUecUon and the separated plasma was 
aspirated, sealed in a glass ampoule and stored in a 
freezer 

The gastfoiDtestinal tract uas removed in three seg 
mcnti by cutting between double ligatures placed at the 
cartha of the stomach the pylorus the ileocecal valve 
and at a position In the transrerse colon where there 
was a transition point between semi solid and solid stool 
pcllcti. After removal each segment was washed ivith 
distilled water dned with tow-eJs and weighed to the 
nearest gram. 

The coertentj of each segment were milked into one 
ligated end. a small inasion was made, and on aliquot of 
contents was expressed into a dried test tube, which 
was quicJdy stoppered and centrifuged. The supernatant 
was then aspirated and scaled in a glass ampoule and 
stored m a freezer Each segment v-as then opened 
longitudinally and the remaining contents were evacu 
ated into a dean contamer by gently stripping and then 
washing the mucosal surface with distilled Vi’atcr The 

•Deutenum oxWe, 996 per cent pure was obtained 
from Abbott Laboratoncs as a stenle isotonic utine 
•olutxn. 
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The eguihb'ahon of D^O betzceen plasma and gasirosniesitnal corients 


Equni 

b“atioa 

time 

{h3^z) 


Stomach 



Small Intestine 


Cecum and transverse colon 


No of 
or Inals 

S*A.R. 

neanis-d 


P 

No of 
axiimals 

S^R. 

jnfindhid 

t* 

P 

No of 
animals 

S.A.R. 
mean ±s d 

t« 

P 

2 

10 

0 S 6 it OS 

5 60 

<0 001 

9 

0 95± 05 

2 94 

<0 02 
>0 01 

8 

1 00± 09 

0 

10 

3 

9 

0 93± 07 

3 04 

<0 02 
>0 01 

9 

0 99± 03 

100 

>0 3 

8 

1 01± 04 

71 

05 

4 

10 

0 9 S ± 05 

1 25 

>0 2 

10 

1 00± 03 

0 

1 0 

10 

101±03 

1 11 

03 

5 

10 

101±02 

1 67 

>0 1 

10 

1 02 db 03 

2 22 

>0 05 
<0 10 

10 

1 01± 03 

1 11 

03 


100- T 


Hitman subjects 

The -volumes of measured intraluminal gastro- 
intestinal irater expressed in terms of predicted 
T B W at post mortem in 13 human subjects are 
presented m Table V "Total” gastrointestinal 
%\-ater comprised 1 4 per cent of the predicted 
T B W The stomach, small intestine and the 
proximal half of the large intestine were found 
to contain an av erage of 0 4, 07 and 0 3 per cent 
of predicted T B W , respectively “Total" intra- 
luminal water content -vaned only from 0 5 to 2 2 
per cent of T B W In contrast, the intraluminal 
pool of the rabbit compnsed 12 per cent of 
TBW 

DISCUSSION 

The purpose of these expenments iras to study 
the magnitude and exchange charactenstics of 
intraluminal gastrointestinal water 

Total bod} \s ater and the a olume of intralumi- 
nal vvater in health) animals might be expected 
to -var) with bod) weight, age, sex and duration 
of fasting and thirsting The animals studied w ere 
all }oung adults, each weighing about 2 Kg 
Total bod) water was approximate!) 75 per cent 
of bod) weight in both male and female rabbits 
The absence of a difference in TBW between 
sexes contrasts with the significant!) higher total 
bod) water content in males noted in studies on 
man (10) It is like!) that these findings are ex- 
plained b) the fact that the female rabbits were all 
)Oung nulliparous adults Prepubertal human fe- 
males ha%e been shown not to differ from male 
subjects in bod) vater content (10, 12) Gzek 
(3), in studies of somewhat larger and older rab- 


bits, did find a significantly higher total body -water 
in male than in female rabbits 
The \ olume of intraluminal water was not af- 
fected by the sex of the animal nor by fasting and 
thirsting up to 4 hours The magnitude of this 
transcellular pool was approximately 12 per cent 
of TBW, which corresponds wall with previ- 
ous measurements (3) and represents a large 
fraction of the body water content of this speaes 
This volume is comparable to one-half the volume 
of intersbbal fluid or to hvice the volume of plasma 
(13) The size of this subdivision of body \vater 
raises the possibility that it may contnbute sig- 
nificantly to changes in plasma-interstitial fluid 
volumes induced by physiological or pathological 
influences Furthermore, calculations of the dis- 
tnbution of water and ions which are based on a 
more simplified concept of the anatomy of body 
water, i c, a two-compartment s)stem, will be er- 
roneous in proportion to the volume of transcel- 
lular fluid in the speaes under study 
The obsen-ation that the S A R. of gut water 
to plasma water reaches unity in all segments 
wnthin 4 hours indicates that this transcellular 
pool of water is in exchange equilibrium wath the 
remainder of T B W DjO exchange is fastest 
m large bowel contents, while slower exchange 
occurs in small bowel contents, and the slowest ex- 
change occurs in stomach water If this isotope 
penetrated stomach mucosa only and then passed 
down the intestinal tract, water in the large bow'cl 
should equilibrate last Our data effectively ex- 
clude this possibility and suggest instead that wa- 
ter penetrates across the mucosa of the gut 
throughout the length of the tract The delay of 
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TABLE \ I 


Summary o/ intraluminal gaslrointeshnal sodium, potassium, Monde, and icater content in the rabbit 



Sodium 

Potassium 

Chloride 

Water 

Calculated concentration 

In intraluminal 


MitJd 
(.rnBj ) 

M±5(L 

CT, Xa.) 

Mzfc»,d 
(mBi ) 

Mis.d 
(% K.l 

Mi»d. Mi«.d 
(riE?) trcO) 

M±sd M±j.d 
(nl ) (% r B IT ) 

Sodium 
(m£fl /L.) 

Potassium 
(tnBi fL.) 

Chloride 

(jmEa/L.) 

Stomach 

08 
±0 4 

OO 

-H 

07 
±0 3 

07 
±0 3 

87 
±3 4 

11 7 
±4 4 

65 

±15 

4 I 
±0 9 

12 

11 

134 

Small 

intcsbne 

3 1 
±1 1 

32 
±1 2 

1 2 
±0 4 

1 2 
±0 4 

1 8 
±0 4 

25 
±0 7 

31 

±12 

20 

±10 

100 

39 

58 

Cecum and 
transv ersc 
colon 

too 
±2 0 

10 2 
±2 1 

45 
±3 1 

45 
±2 7 

1 2 
±0 3 

1 7 
±0 4 

93 

±22 

60 
±1 6 

lOS 

48 

13 

"Total" G I 
content 

13 7 
±2 4 

14 2 
±2 4 

7 1 
±2 8 

72 
±2 2 

II 8 
±3 6 

16 0 
±4 5 

189 

±40 

12 1 
±2 7 





* Calculated concentrations are den\ed by dividing intralununal sodium, potassium, and chlonde contents by intra- 
luminal Hater content Each quantity was determined in separate senes of animals 


equilibration in stomach t\ater, where 4 hours 
t\-as required for distribution equihbnum compared 
wTth 1 and 2 hours for colon and small bowel, 
respectively, may be a result of at least three fac- 
tors The ratio of membrane surface area to in- 
traluminal volume may be smaller in stomach than 
in either large or small botvel The ratio of sur- 
face to \ olume has been proposed as the basts for 
D.O exchange rates in other transcellular pools 
(14) The delay of equilibration of labelled water 
in small bowel contents compared to large bowel 
contents cannot, however, be explained on com- 
parative ratios of surface area to volume A sec- 
ond possible explanation is that mucosal blood 
flow, and consequently the rate of delivery of iso- 
tope in proportion to the volume of intraluminal 
water, may be highest in the large bowel and least 
in the stomach (15) Finally, active transport 
of water across gut mucosa may occur and ac- 
count for some of these differences (16) 

In the course of these studies it wns noted that 
the contents of the cecum and the proximal trans- 
verse colon were semiliquid and that in the mid- 
transv ersc colon there was a sharp transibon zone, 
1 to 2 cm in length, where the contents were 
transformed into hard, dr) pellets of stool This 
would suggest that the mucosa of the mid-trans- 
V erse colon acts to conserv e water efiiaently 
Data from prevnous expenments in which the 
intraluminal content of sodium, potassium, and 
chlonde were determined are summarized in 


Table VI (4, 5, 7) The last three columns in 
Table VI show the calculated concentrations for 
each of these ions in intraluminal water of stomach, 
small bow'el and large bow’d It is apparent from 
these values that the concentration of sodium, po- 
tassium and chlonde maintained in intraluminal 
water bears no direct relation to the elcctrol 3 ’te 
structure of extracellular fluid It w'ould seem 
that their concentration and abundance in intra- 
luminal water are determined by autonomous 
mechanisms in the gastrointestinal tract 
The presence of 14 per cent of Nae, 7 per cent 
of K, and 16 per cent of in the contents of the 
gastrointcsbnal tract in rabbits has important im- 
phcabons in bodj parbbon studies where the nor- 
mal anatomy of ion distnbubon or of ion shifts is 
measured (4, 5, 7) Calculating the extracellular 
fluid volume from a chlonde space and assuming 
that all chlonde exists in the same concentration 
as in plasma wall lead to significant errors 
Changes in the extracellular space inferred from 
changes in chlonde concentration in plasma and 
external chlonde balance may also be misleading 
since these calculabons are based on the assump- 
bon that all, or nearly all, of the body chlonde is 
in the plasma-interstitial fluid volume 
The volume of intraluminal water found in the 
gastrointesbnal tract of man was a much smaller 
fracbon of T B W than in the rabbit The sigmfi- 
cance of this speaes difference cannot be deter- 
mined from our data since the observ’abons on 
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human subjects must be evaluated cautiously for 
several reasons Total body water ^vas predicted 
from data on normal subjects, in contrast, ac- 
curate measurements were made in the rabbits 
Significant migration of water from the gut may 
occur m cntically ill patients. Post-mortem 
changes m intraluminal volume may have taken 
place dunng the 6 to 22 hours that elapsed be- 
tween death and autopsy m these subjects. The 
measurements made in the human subjects con 
sequently are not reliable and further studies are 
needed to establish the amounts of intraluminal 
water and electrolytes in normal man. 

SUUMARY 

The volume of intraluminal gastrointestinal wa 
ter was measured in rabbits and m human sub- 
jects studied post mortem In rabbits this volume 
was referred to T3 W as detenmned by D,0 
dilution. In man the intraluminal gut water was 
referred to predicted T.B W values 

Total body water averaged 75 per cent of the 
body weight m rabbits , 12 per cent of T B W 
was contained m the lumen of the “total ' gastro- 
intestinal tract, with 4 per cent m the stomach 2 
per cent in the small intestine and 6 per cent in the 
large mtestme. No significant difference between 
sexes ^vas noted m ather total body water or the 
volume of intraluminal gut water Deuterium 
oxide equilibration was complete in large bowel 
water and nearly complete in small bowel water 
m 2 hours but required 4 hours for completion 
in stomach water The significance of delayed 
DjO equdibration in stomach water compared 
with more distal segments of bowel was discussed 
with respect to the sites and mechanisms of D,0 
exchange across gastrointestinal membranes 

The gastromtestinal tract of man at post mortem 
examination contained approximately 1 5 per cent 
of the predicted TJB W The mean values were 
04 per cent for stomach, 07 per cent for small 
bowel and 0.3 per cent for proximal large bowel 
These \’alucs cannot be considered to represent 
the volume of intraluminal gut water to be found 
in the normal living human subject 

The amounts of mtraJuminal gut sodium po- 
tassium, chloride and water m the rabbit are sum 
marued in tabular form. 
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Stnicturally, glucurorudes are the condensation 
products of hydroxyl bearing compounds with the 
first hcmiacetal carbon of D-glucuromc axad 
Two groups have been described (1) Alcohols 
and phenols form ethereal glucuromdes, which arc 
resistant to hydrolysis by mild alkali and do not 
reduce alkalme copper reagents. Carboxyhc adds 
form ester glucuromdes which are easily split by 
mild alkah to hberate free glucuronic aad a re- 
duang agent The term acyl glucurontde is m 
troduced here for members of the latter group 
to denote dearly conjugation via the carboxyl 
group 

Another chemical reaction charactenstic of the 
acyl glucuromdes is desenbed m this report At 
room temperature and neutral pH the acyl group 
can be transferred to hydroxylamme to form char- 
acteristic hydroxamic aads (Reaction I) 


aads in man Since urinary glncuronides have 
been found following the mgcstion of benzoate, 
salicylate, and probenead (1, 3), observations 
were made on the metabolism of these clinically 
important drugs 

UFTHODS AND liATERIAtS 

Drug txptrtmtnit The lubject was a healthy 28- 
year-oM white male, weighing 60 laloi. His diet was not 
rigidly controlled, but rtmained fairly umfonn through 
ont the period of investigation all exper im enis were 
begun in the fasting state. At least 2 weeks elapsed be* 
t ween successive doees of drug On the raommg of an 
expenment, a control urine was collected over a period 
of several hours and the appropriate drag was ingested 
as a solutica) of hs sodhim salt Subsequently timed 
voided urine samples were tested Inunedlateiy for acyl 
glncuronides and stored at 5 C until completion of 
regaining estiraatiotu. When necessary the excretory 


R— CO— 0-£i— (CHOH),— ^ 


-COOH + NH/DH — 


R— CO— NH— OH + H* 


0— 1:h— (c^h),^; 


;h— COOH 


On addition of aad ferric chloride solution hy 
droxamic aads yield colored products which can 
be measured spectrophotometncally (2) Thus, 
conversion to the stable hydroxamates provides a 
sensitive, chemical method for estimating the rcla 
tively unstable acyl glucuromdes The derivatives 
arc easily extracted into organic solvents and can 
be identified bj cliromatograpWc and other tech 
niques Non acyl glucuromdes do not form hy 
droxaimc aads 

The methods reported here Irave permitted more 
extensive studies on the metabolic fate of aromatic 

' Present address Depirtinent of Medicine, College of 
Physicians and Sargeoos, New York City N ^ 


rates of unnary drug metabolites were corrected for 
pre-ingestioo, endogenous rates 
Ejhwiahon of acyl gbuurmxdes These compoonds arc 
estimated by coovefslon to their h y drc ucama tes, using 
roodiJicatiom of the procedure of Lipmatm and Tuttle 
(2) The pH of the neutralized hydroxyUinlne reagent 
is critical and should be 70 ±02. Stock solutions of 
NaOH (14 per cent) and hydroxyUmine hydrochloride 
(28 per cent) are titrated against each other with a 
Beckman glass eiectrode pH meter to determ in e the ex 
act proportions required. XJrme samples containing 0.5 
to 2.0 ^moles of acyl ghic ur onide are locohated vnlh 0.5 
mL of freshly p re pa red neutral hydroxylaminc for 2 
boun at room temperature before color development and 
comparison with authentic hy drc ixa mate standards. Fig 
ore 1 demonstrates the com plete c o nr er siop of benzoyl 
glocuronide to bentori hTdroxamale under these coo 
ditions. 
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Fig 1 Quamttative Conversion of Benzoyl Glu- 

CURONIDE TO BeNZOVL HyDROXAMATE 

The indicated amounts of crystalline benzoyl glucuro- 
nide m 0^ ml water r\ere mixed \wth 0^ ml neutral 
bjdrOTTlamine and incubated 2 hours at room tempera- 
ture. The Tolume was adjusted to 2 0 ml with water, 
and 0.5 ml of 3 N HQ folloued by OJ ml of 5 per cent 
FeQ. 6H,0 m 0 1 N HCl added. The optical density 
at 540 was compared vath that of a benzoyl hydroxa- 
mate standard. 

To estimate sahcyl acyl glucuromde (SAG) in unne 
by this procedure, 6 N HG is substituted for 3 N HQ 
to minimize the formation of purple products ansing from 
salicylate and salicylurate. Further, a correction is made 
m each estimation by subtracting the optical density at 
540 mu of a similarly treated, hy droxy lamine free control - 

The speafiaty of hydroxamate formation mus studied 
inth a senes of 9 glucuromdcs, using 2 0 junoles of each 
m the assay (The conditions are descnbed in the legend 
to Figure 1) Only benzoyl- and o-methoxybenroyl glu- 
curonides yneldcd such products, and no reaction was ob- 
served with the glucuronides of sahcylaraide, N-acctyl 
salicy lohy drazme, 3-hydroxy coumann, pregnandiol, phc- 
nolphthalein, menthol, and bomeol 

Idenltficalton of unnary acyl glucuromdcs Unnary 
hvdroxamate-fomung materials appear after the adimms- 
Iration of benzoate and salicylate. The following evi- 
dence identifies these as benzoyl- and salicy 1 acy 1 glucuro- 

r A satisfactory method of eliminating blank values due 
to salicylate and salicylurate is to extract the reaction 
mixture after formation of sahcyl hydroxamate with 4 
volumes of ether at neutral pH. Sahcylate and sahcylu- 
rate remain behind, while over 90 per cent of the hy- 
droxamate is extracted. An ahquot of the ether is 
evaporated and color developed wnth HG and feme 
chloride. Values for acyl glucuromde in salicy 1 unne 
were identical, when estimated by both this procedure and 
that descnbed in the text. 


mdes (SAG), respectnely These compounds are com- 
pletely hydrolyzed by 0 1 N NaOH m 10 minutes at 
room temperature, and 84 per cent hydrolyzed by in- 
cubation with bactenal p-glucuromdase (250 units per 
ml) for 60 minutes at 38° C A single hydroxamate 
spot was detected for each compound by paper chroma- 
tography of unnary ahquots, using Whatman No I 
paper and the ascending technique, with water-saturated 
n butanol glaaal acetic and (80 20, v/v) as the solvent 
system. These spots reduce aniline phthalate (4), and 
give a positive carbazole reaction for hexuronic aad (5) 
after elution into water The benzoate metabohte moves 
at a rate (Rf 0 67) similar to that of crystalline benzoyl 
glucuromde. The salicylate conjugate (Rf 072) liberates 
free sahcylate on hydrolysis m 6 N HG at 100° C for 1 
hour 

The hydroxamate denvahves of these unnary metabo- 
btes were extracted at neutral pH into ether and chro- 
matographed on paper as descnbed above, with water- 
saturated n-butanol as the developing solvent Move- 
ment of the benzoyl denvative (Rf 0 79) corresponded 
to that of an authentic sample of benzoyl hydroxamate, 
and that of the sahcyl compound (Rf 0 85) to crystal- 
hne sahcyl hydroxamate. 

That the unnary SAG is a monoglucuronide has been 
estabhsbed in the following manner its hydroxamate is 
completely extractable into ether, while that of the 
diglucuromde would be ether-insoluble. In addition, the 
hydroxamate is chromatographically homogeneous and 
identical in behavior with synthetic sahcyl hydroxamate. 

Estimation of unnary sahcyl metabolites In addition 
to SAG, sahcyl phenohe glucuromde (SPG), sahcylu- 
rate, and total sahcyl were estimated. 

SPG accounts for the difference between the quantity 
of SAG and the total sahcyl glucuroiude excreted The 
latter is eshmated by the sahcylate liberated by bactenal 
^-glucuronidase. An aliquot of unne, adjusted to pH 2, 
IS extracted twice with an equal volume of ether to re 
move sahcylate and salicylurate, and readjusted to pH 
60 Samples are withheld for initial sahcylate (6) and 
SAG determinations Five hundred units of ^-glucu- 
ronidase are added to each ml of extracted unne, the 
mixture is incubated at 38° C for 8 hours, an identical 
amount of enzyme again added and the incubation re- 
peated.® Finally, 10 per cent perchlonc aad filtrates arc 
prepared and the free sahcylate concentrations again de- 
tenmned. 

SPG = final sahcylate — rnihal salicylate — SAG 

Salicylurate is estimated by a paper chromatographic 
techmque. Suitable volumes of unne are quantitatively 
applied in dupheate to Whatman No 1 paper for ascend- 

® Enzyme-treated unne was further hydrolyzed in 6 
N HCl at 100° C for 3 hours, and free salicylate again 
estimated. The results indicated that enzymatic hy- 
drolysis was at least 80 per cent complete under the con- 
ditions descnbed m the text. Enzymatic hydrolysis is 
preferable to aad hydrolysis since speafiaty for glu- 
curomdes is obtained 
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chromjUograpby with n botaool etbatjol (40 11 
v/v) fatnrated with im atnmoninm carhooate baffcr (7) 
us the solvent system. The dried paper chromatograms 
arc viewed with an ultra violet lamp and the flnores 
cent sahcylurate areas (Rl 0.31) outlmed and elated Into 
water (The salicylate fluorescent area correiponcU to 
Rf 0 66.) To 2£ ml. of eluate, containing about 0.S fimole 
sahcylurate, 02 mh of 0 1 M feme chloride In 0 07 N 
Ha is added. The optical density of the purple products 
is measured at 540ro;t in the Beckman modd B spectro* 
photometer Recoveries of known quantldes of sahcyla 
rate, chromatographed simultaneously have ranged from 
90 0 to lOZO per cent 

The procedure of Lester Lolll and Greenberg (6) 
was followed m estimating total tmnary saltcyL* 

Corrected total salicyl = oh3crvcd total saEcyld* 

aallcylurate X 0 676 X 022S + sahcylurate X 0.676 X 

0775 ~ sahcylurate X 0 676 X 0775 X 034 
Corrected total salicyl = observed total salicyl + saHcyta 
rate X 0236. The sallcylurate concentration fa estimated 
by the chromatographic method described in the text 

Other methods, Chemical cstimatioas were employed 
for hlppuratc (9) hexuromc add (5) and proben^d 
(3) Probenead coiyugatcs were Ig^drolyzed by reflox 
mg in 40 N HtSO, for 60 minutes. Optical density 
measurements were made m the Beckman model B 
spectrophoturaetcr 

Affltmais The following compounds were prepared 
according to published methods and recrystallued from 
hot water benioyl gliscurooide (10) m.p 181-2* (de- 
comp) (Pryde and WilHams 183 (HI) taheyforfe 
add (12) m.p, 266 (Quick 167 (121) saUcyi hy 
droxamic add (13) m.p. 168 (jeanrenand 168* {13}) 
A reference standard solution of benroyl hydroxamate 
WM prepared by reaction of neutral hydroxylamine with 
recrystallued benidc anhydride (14) Crystalline salicyl 
amide glucuronlde (174 ) o-metboxybenroyl ghicuronide 
(123-4 ) and N-acetyl salicyk^drarinc ghicuronide 
(208-10 ) were gifts frtjm Doctor R. T WUhams to 
Captain R. 11. tiowben 3 hydro ay co um ann glocu- 
rcmldc (207-8 ) was a gift from Captain R. M Dow 
ben menthol borneol pregnandiol and pheoolph- 
thalem glucuronidcs were parchased from the Sigma 
Chemical Company as was the bactenal frclacoromdase. 

< In thii procedure alfquots of sahcyl unne are by 
drolyted to Ifbcrate salicylic add, which is extracted 
into ether and estimated by reaction with feme chloride. 
The ‘'total sahcyl concentration so measured requires 
complete hydrolysis of all salicyl coniagates. Howerer 
67 6 per cent of the glycine conjugate remains tmhydro- 
lyzed, as determined by the liberation of glycmc (8) in 
Similarly treated salicyluric add sohrtioos. Hence it Is 
necessary to correct the observed total sahcyl concentra 
tiem for 1) incomplete ether extraction of sallcylurate 
(77J per cent as compared to 100 per cent for salicylate) 
and 2) relative intensity of the colored prodocti formed 
With ferric chloride (84 0 per cent for sahcylarate as 
Compared to saheybte) 


RESULTS 

Ingestion oj bensoote 

In individual expenmentB, the subject tvas fed 
6.9, 13.9 34y, and 69.3 mHIimoIes of sodium ben 
loate,* Omplete elimination of the drug as un 
nary hippurate and benzoyl glucuronide ensued in 
each instance, with final rccovenes of 98 to 104 
per cent The relattve amounts of benzoate con 
jugated with gfyeine and with glucuronic aad 
vaned with the dosage, as shown in Figure 2 
The glucuronide moiety increased progressively 
from 0 4 per cent (0 03 millimoles) to 3 0 per 
cent (2 08 milliinoles) Hippurate accounted for 
the bulk of conjugated benzoate throughout this 
dose range. 

The cumulative urinary recovery of each me 
taboUte is plotted in Figure 3 for a representative 
expenment The rccovenes of acyl glucuronide 
and hippurate ran a parallel course, a character- 
istic observed at all the dosage levels examined. 
Complete excretioD of benzoate required 3 to 4 
hours after the two smaller dose* and 10 to 14 
hours after the hrger amounts 

As mdicated in Table I, the maximal unnaiy 
excretory rate (/unoles per minute) achieved m 
a gn-en experiment bj either metabolite dqxnded 
on the dose of benzoate Limiting values for bip- 



Fta. Z OuAxnms or UmwAtr HnwaAir akd 
Bzhioyi. GLUcuioHizt RrcovDtn) Arm Vawous Dosts 
or BufzoATc 

The right and left hand Ttrllcil tcales refer to Hp 
jmraU and bemoyl glocuronidc, respectively 

» C o rre s poiidmg to IX) 2J) 5B and 10 0 grains 
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Fic 3 CuMiTLATivE Urinary Recoveries of HiPPim.\TE 
( — • — • — ) AND Benzoyl Glucuronide (O) 


purate excrehon v\ere approached at a dose of 
13 9 milbmoles Quick (IS) has demonstrated 
that limitations in the availability of glycine may 
account for this, and the peak rate attained in 
these expenments (130 5 funoles per minute) is 
within his range for maximal rates of glyane 
mobilization in man (122 to 155 /unoles per min- 
ute) By contrast, the maximal excretory rate of 
benzojl glucuromde was approximately propor- 
tional to the benzoate dose throughout the range 
studied It IS significant that the glucuronide Avas 


TABLE I 


Maxtmal rates of htppurale and benzoyl glucuronide 
excretion follomng various doses of benzoate 


Do 5C of 

©odium bemoate 

Maxlnitl urinary excretory rate 
ipmoUs P<r min ) 

(xramj) 


Hippurate 

Benio>I 

glucuronide 

10 

69 

54 8 

04 

20 

13 9 

108 2 

1 0 

50 

34 7 

111 3 

26 

10 0 

69 3 

130 5 

5 5 


detected at a dosage level (6 9 millimoles) far be- 
low that required for maximal hippurate excre- 
tion These observaitions fail to support the sup- 
position (15) that the glucuronide syntliesis is a 
reserve detoxication mechanism, operating onlj 
when the glycine supply is exceeded Further 
pertinent evndence is obtained from the data m 
Figure 3 After the seventh hour in tlus experi- 
ment, the excretion of hippurate was well below 
its maximal rate, yet sigmficant benzoyl glucu- 
ronide excretion persisted 

Ingestion of sahcylatc 

Four experiments were performed, the subject 
ingesting 7 5, 15 0, 22 5, and 30 0 millimoles of 
sodium salicylate “ The relative quantities of un- 
nary salicyl metabolites excreted after these doses 
are hsted in Table II With doses of 15 0 to 30 0 
millimoles about 50 per cent of the amount fed 
was recovered as unnary salicyl in 24 hours (and 
85 per cent at the end of 48 hours) Salicylurate 
made up 60 per cent of this, and the glucuronides 
30 per cent, values which agree closely with previ- 
ous observations (12, 16) SAG and SPG were 
present m about equal amounts Cumulative un- 
nary recovenes of the salicyl metabolites, in a rep- 
resentative expenment, are depicted m Figure 4 
Whereas total salicyl, salicylurate, and SAG ran 
a course parallel to each other with time, the re- 
covery of SPG w'as relatively lower in the early 
hours and higher thereafter The maximal rates 
of excretion (/unoles per minute) of the unnary 
products vaned with the doses, as shown in 
Table II , limiting \'alues for these rates were not 
achieved in this range 

Charactenstic differences in the excretory pat- 
terns of SAG and SPG were observed in all the 

« Corresponding to 1 0, 2 1 3 1, and 42 grams 


TABLE n 

Urinary melaboltles of salicylate foUoncing various oral doses 


Urinaiy Urinan mcUboUtea recovered 

taUej-i ln34boup per rant of total ratei of urinary ercrellon 

reco\-ered urinary taliol (jmotes per mfit ) 



fn cent 
c* dote 

Salic>l 

urate 

SAG 

SPG 

Total 

©allol 

Salicyl 

urate 

SAG 

SPG 

75 

78 6 

64^ 

13 1 

12 7 

4 5 

30 



15 0 

545 

62 8 

14 8 

21 0 

56 

4 1 


i 4 

225 

49 4 

74 0 

14 3 

15 1 

80 

60 

1 5 


30 0 

508 

59 6 

16 4 

12 1 

11 1 

68 

1 9 

1 7 
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Fxo. 4 CuwULATiVE UuwAav RrcoTtaiu or Saucyl 

lilETAfiCRJTES 

expenmenta These are illustrated in IHgurc 5 
The peak SAG excretory rates were observed 
withm 5 to 10 hours after ingestion, mth a rapid 
fall thereafter By contrast the SPG peak was 
obtained after 20 to 30 hours and the subsequent 
fall-off was more gradual 

Ingeition of prahenfctd 

Seven and one-half miUunoles (2 1 grams) of 
this drug (sodium p-(dipropylsalfaniyl) benzoate) 
were administered to the subject. At the end of 



Fic. 5 Rat« or UnK/utr EzdznoY or S^G aud 
SPG Arroi iKctsnoK or Sauctlatk 


the first, second third and fourth days, the cumu 
lative urinary recoveries v.'cre 35 1, 59 1, 73B and 
79 1 per cent Consistently, 80 per cent appeared 
as the acyl glucuromde. The excretion of total 
hexuronic aad, estumted by the carbazolc method 
was eqmvalent to that of acyl glucuromde. By 
contrast the unnary hexuronic aad concentration 
following benzoate was over three times that of 
bcmcyl glucuronlde, and after salicylate tince as 
much as that of the combined glucuromdcs It 
thus seems likely that probenead glucuromde is 
much less susceptible to hydrolysis m the body 
than the glucuronides of benzoate and sali^late- 

DISCUSSION 

Previous mvestigators have desenbed the trans- 
fer to hydroxylamme of acyl groups linked to 
aads as anhydrides (2) or to alcohols as esters 
(17) It 15 of interest, therefore, that the acyl 
glucuronides, which constitute an intermediate 
category with acyl groups linked to a heniiacetal 
beanng carbon, also form hydroxamates This 
provides a sensitive method for thar chemical esti 
mation, and further charaderucs them as a unique 
group withm the class of glucuronides 

Conversion to the stable hydroxamates offers 
the advantage of a trappmg mechanism for the 
readily hydrolyzed acyl glucuromdcs These hy 
droxamates are readily extracted punfied and 
subsequently rdentified. As a differential rcac 
bon, the hydroxamatc method allows separate es 
braabon of acyl and non acyl glucuronides in mix 
turcs of both. These several adN'antages made 
possible the observations described m this report. 

Excrebon of benzoyl glucuromde could be de- 
tected following the admmistrabon of as little 
as 65 millimoles of benzoate, altliough several 
bmes this amount has been required in the past 
(15) Thus It could be demonstrated that the glu 
curomdc synthesis occurs independently \shclher 
or not glyane conjugabon is maximal Only a 
roimmal estimate of the actual rate of benzoyl glu 
curonide synthesis is obtained from the unnaiy 
rc«n'cry as noted by Quick (15) The extent 
to which this conjugate may be broken down m 
the body is suggested by the three fold excess of 
unnary hexuronic add relati\e to benzo>l glucu 
tonide. Therefore it seems mappropnatc to 
designate benzoj I glucuromde formation as merelj 
a spare detoxication mechanism 
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method of Van Slyke (10), and concentrabon of sodnmj 
and potassium m red blood cells separated from plasma 
after one-half hour centrifuging at 3,000 rpm by the 
flame photometer method. Sodium and potassium con- 
centrations V. ere determined also in the 2 hour urine 
samples collected. Afterwards, the separate 2-hour sam- 
ples of unne were mixed and the total quantity of unne 
excreted over the period of sodium adrmmstration was 
anaijred for sodium and potassium. Glomerular filtra- 
tion and renal plasma flow were calculated dunng the 
control period and at the terminabon of the oral sodium 
loading Total quanbtj of sodium and potassium ex- 
creted (UV) dunng the same penods, as well as dur- 
ing the 2-hour collecbon penods, was calculated. In 
addibon, percentage of filtered sodium excreted was cal- 
culated dunng all clearance penods 
Plasma volume study Eleven healthy Peruvian males 
between the ages of 20 and 28 years (including seven 
of the former subjects who volunteered for this test one 
month after complebon of the previous one) were stud- 
ied. All of the same condibons were maintained as be- 
fore, except for the fact that no renal clearances were 
performed. Instead, at 9 A M on the day of the begin- 
mng of the test, plasma vmlume was measured by the 
four sample techniques using T-1824 (11) Again the 
subjects received a quanbty of the saline solubon equiva- 
lent to 10 per cent of bodj weight via gastnc tube um- 
formly by constant dnp over a 21-hour period. After 
completion of admimstrabon of the sahne solubon (8 
AM ), plasma volume determinafaon was repeated as on 
the daj before. 


RESULTS 

Hemedynames 

In Table I are listed glomerular filtration rate, 
renal plasma flow and plasma volume dunng the 
control penod and dunng the penod just after the 
administration of a quantity of the isotonic saline 
solution equivalent to 10 per cent of body weight 
In eleven of the twelve subjects the glomerular fil- 
tration rate increased significantly over the con- 
trol value and in onty one individual did it stay 
the same The average value shows a significant 
increase ( -h 32 per cent) over the control value 
after the sodium load On the other hand, renal 
plasma flow increased over the control value in 
six of the twelve subjects, decreased in five and 
stayed the same in one The average value of all 
the subjects does not show a sigmficant increase 
over the control value The plasma volume in- 
creased over the control value in four of twelve in- 
dividuals, decreased in six and remained the same 
in one after the admimstrabon of the saline solu- 
tion The average value of all the subjects shows 
no significant change over the control value Ve- 
nous pressure was measured dunng the control 
penod (average, 104 mm ) and after sodium load- 


TABLE I 

Hemodynamic studies in normal subjects with oral sodium loading 


SubjtCt 

So of 
cleanmcw 

Gloraenilar filtration 
cc,fmin,flJ3 m* 

Renal plasma flow 
cc /min /U3 m» 

Plasma volume 
cc 

Control* 

After* 

Dlff 

Control* 

Alter* 

DiH 

Control 

After 

Diff 

J C 

3 

105 

161 

55 

614 

725 

111 

3,055 

3,358 

303 

M C 

2 

ICO 

253 

93 

599 

925 

326 



L M 

2 

129 

195 

66 

752 

730 

-22 

2,110 

2,400 

290 

P L 

2 

162 

198 

36 

1,099 

1,375 

276 



E R 

3 

130 

126 

-4 

648 

577 

-71 

2,610 

2,483 

— 127 

A R 

3 

108 

139 

31 

759 

587 

-172 

3,354 

3^600 

246 

A V 

> 

138 

167 

29 

668 

668 

0 



J G 

3 

103 

146 

43 

635 

605 

-30 




\ F 


118 

163 

45 

631 

750 

119 




L 0 

3 

145 

186 

41 

825 

863 

38 

3,027 

2,731 

—296 

R C 

3 

102 

133 

31 

685 

649 

-36 

3,035 

3^048 

13 

C G 

3 

114 

137 

23 

728 

768 

40 

2,800 

21650 

-150 

\ 








3,510 

3,097 

-413 









2,256 

2,320 

64 

J E 








2,720 

2,455 

-265 

J 








2,941 

2,463 

-478 

Average ■ 

values 

126 

167 

41t 

720 

768 

48 

2,856 

2,782 

— 74 

Standard 

erro'- of a\ erage 



69 



40 7 



84 


* Each number represents the average value of the clearance penods 
t S gnificant at the 1 per cent level 
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TAOix n 


TJ aler and cledrolyte excrdion in Mormal suhijfcis teU/i ora! sodium foadtnfi 


Subject 

No erf 
demmoce 
period* 

Urine volnme* 
cc /min 

t.t\* 

mE^^mSn 


Vs * 
mEqJL. 

UkV* 
mCfl /erie. 

u 

mCt 

L. 

Ccmtrol 

After 

Control 

After 

Sum 

CofttTtjl 

After 

Coclrol 

After 

Cootred 

V/tef 

J c 

3 

2 65 

4 22 

0 545 

0660 

t 005 

1354 

1588 

0 06S9 

0 0390 

26 4 

93 

L M 

2 

3 79 

303 

0310 

0 520 

0 850 

857 

172 0 

0 0425 

0 0449 

11 7 

14 8 

V L 

2 

4&8 

4 40 

0 560 

0 934 

1 494 

U8 8 

212 5 

0 0913 

0 0892 

198 

20 4 

M C 

2 

9 75 

3 85 

0 526 

0718 

1 244 

54 1 

187 0 

0 0911 

0 0294 

94 

7 6 

E R 

3 

380 

6 53 

0 485 

0 701 

1 186 

130 6 

1132 

0 1108 

00684 

31 2 

10 8 

A R 

3 

4 02 

365 

0 528 

0 572 

1 100 

148 4 

155 5 

0 0473 

0 0277 

n I 

76 

d V 

3 

396 

4 15 

0 403 

0 794 

1 197 

103 0 

192 9 

0 1021 

0 0543 

26 2 

13 2 

J G 

3 

469 

1 63 

0486 

0 396 

0 682 

644 

242 0 

0 0642 

OW37 

14 1 

26 7 

V F 

3 

4 14 

4 43 

0 457 

0 758 

t 215 

1256 

li63 

0 0586 

OOiOl 

164 

16 S 


3 

1 66 

401 

0 422 

0 751 

1 173 

265 0 

91 6 

0 0367 

0 0260 

23 0 

49 

R.C 

3 

1 36 

504 

0445 

0841 

t 186 

49 4 

167 1 

0 0390 

00400 

49 

SO 

C G 

3 

5 29 

943 

0 613 

0 961 

1474 

124 7 

1032 

— 

— 

— 

- 

A\-erage \-aJue 

4 16 

442 

0 440 

0 717 


117 1 

164 3 

0 0690 

0 0401 

178 

12 7 





Analytic 

of Y'anance of Un V t 












Sara of 

Xlc*n 






Source 


df 


•qtnm 

•qnerc 

F 





Mean 



1 


8 0342 








Total 



23 


088(H 








Control \e After 


1 


046H 

04611 

68S2t 





Subjects 


n 


0 3455 








Interaction 


u 


00T58 

0 0067 













965 



. 


Each number roprwenta the averace value o( the clearance periods 
^ V • Total Na excretion U* " Ka concentration m unnc CTcretwl 
UrV *• Total K excretion k concentration in nnne excreted 

d( Degrees ol freedom 
X Significant at the I per cent {e\*el 


mg (average 133 mm ) m nine mdividunls but 
tio significant change ivas noted. 

FarrctioH of xoatcr and elcctrol\(cs 

In Table II arc shown the concentmooui* and 
total quantit) of the ions Na and K excreted 
during the clearance periods performed liefore and 
after the adniimstntion of the saline solution The 
concentrations of sodium mcreasetl significant!) 
'iflcr sodium loading ^^hdo the concentration of 
potassium decreased Tlie total quantit) of sodium 
excreted augmented significantK after sodium 
loading (+ 63 per cent) \Khilc potassium dimm 
ished (— 30 per cent) Tlie sodium excreted diir 
mg the control period rcprescntetl 2 *’8 per cent of 
the filtered load \\hile the so<lium cxcrctctl after 
the administration of the sotlium load represented 
3 33 jier cent of the fiUcretl load -Mthough tlu 
\oliune of unnc incTca>cil m sq\cu of t\scl\c indi 
\nduaU tlic UNTrigc unnc \'olumc after <;odiuin 
loading sboNsetl no significant increase o\cr the 


UBlHC VOCUMt tiumn 



COftCIMTftMION IN \SPMt 



el.-. . — . 

irNlSTI WJ 5 T* 
Tint Of OiY 


Fic. 1 Dumxu, V\WATio b with Osm ixun» u 
Ln \t)iN< 
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T\BLE in 


Fluid and declrohSt balance in normal subjects siith oral sodium loadinji * 


Irubj-Ct 

Hu id 
intaLc 
cc 

hlcclrol>te intake 
rrDj 

Vnnojy 

output 

CC 

Lnnar> racretiou 

UeiRht changt 

Ac 

\ftcr 

Na load 

3 Im after 
load 

Xa 

k 

a 

Na 

K 

M C 

6,030 

S22 

0 

558 

2 620 

432 

40 

+ 2 1 

4-1 6 

L M 

5 300 

685 

0 

465 

3,340 

455 

43 

4-1 5 

4-0 7 


5,300 

726 

0 

493 

4,000 

480 

46 

+0 5 


P L 

6,000 

822 

0 

558 

4 860 

690 

53 

-f'O ^ 

-1 1 

n R 

5 000 

685 

0 

465 

3,020 

382 

38 

+ l 7 

4-0 9 


5 400 

740 

0 

502 

2,540 

315 

62 

4-1 7 


\ R 

6 000 

810 

0 

534 

2 925 

375 

22 

4-2 4 

4-1 4 


6,000 

810 

0 

534 

960 

232 

38 

4-4 4 


\ \ 

0,600 

904 

0 

614 

4,960 

660 

66 

00 

-1 1 

J G 

7,000 

959 

0 

651 

2,000 

>40 

68 

4-3 3 

4-2 9 

\ F 

6 000 

822 

0 

558 

3,600 

490 

S9 

4-0 7 

-0 5 

1 Q 

6 000 

822 

0 

558 

3,500 

517 

39 

4-1 5 



6 000 

822 

0 

558 

2,680 

493 

66 

4-2 2 


R C 

7 000 

959 

0 

651 

3,300 

609 

64 

4-3 3 

4-2 5 


7 000 

959 

0 

651 

3 060 

536 

59 

4-3 3 

4-2 1 

C G 

6 300 

863 

0 

586 

3 900 

554 

78 

4-1 1 

-04 


6,000 

822 

0 

558 

2,780 

378 

98 

4-2 0 


J R 

5,000 

685 

0 

465 

1,540 

408 

55 

4-1 8 


J F 

5 300 

726 

0 

493 

4,540 

654 

9! 

4-0 3 


J M 

6,300 

863 

0 

586 

1 540 

442 

31 

4-2 9 


\\ crage 

6 000 

815 

0 

552 

3,083 

472 

56 

4-1 85 

4-0 82 


* Tible docs not include one subject in which the sodium load produced diarrhea and another who had large sain a 

loss 


control \-aluc din. to the fact that the control a aluc 
Itself represented a slight water diuresis 

In Figure 1 are demonstrated the aicrage urine 
\nlume concentration of sodium and potassium 
ind total excretion of sodium and potassium of the 
i-hour urine collections during the administra- 
tion 01 the saline solution The first 2-hoiir sample 
showed an increase of water and sodium excretion 
as comjinrcd to the aalues jirior to the administra- 
tion ot the saline solution W ater sodium and 
potassium excretion all decreased dunng the night 
hours w ith sodium excretion rising notable during 
the earh morning hours ahoie the e allies encoun 
tered at the beginning of the test on the preeious 
da\ Sodium concentration m the unne rose dur- 
ing the administration of the sodium load with onI\ 
a moderate effect noticeable due to changes in wa- 
ter excretion while potassium concentrations re- 
mained relatneh constant regardless of water 
< xcretipii 

In Table III are listed the total intake and total 
output fit water and electroUtcs during the ad 


ministration of the sodium load, together w ith the 
changes of weight affected bj the sodium adminis- 
tration It IS noted that 51 per cent of the water 
and 58 per cent of the sodium administered were 
excreted iia the kidnei during the period of oral 
administration of sodium From the weight data, 
It can be obsened that at the completion of the 
sodium loading onh 31 per cent of the water ad- 
ministered (1 85 Kg ) was retained which rapidh 
diminished to 14 per cent f0 82 Kg ) three hours 
after the termination of the sodium administration 
The different responses of a single subject rcccn- 
ing the same sodium load on two separate oc- 
casions are also gu en 

Blood anahscs 

Table IV demonstrates the changes in hemato- 
ent, total plasma proteins, plasma concentration 
of sodium, potassium chloride and bicarbonate 
and en-throcite concentration of sodium and po 
tassium before and nnmediateU after the adminis- 
tration of the sodium load Mthoiigli souk of 
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TX&LC IV 

Blood txnalystj in ncmmJ jubjteli with oral sodium loadint 


Conirol Alter IomHhk 

Vaalyiw Atmfe i S.D Av»T**e A S D 


Hematocrit % 

■Ifia 


2 48 

440 

di 

7.2 

Tot Proteins fw % 
Plasma Na mEg ft 

7 66 

d: 

0^34 

7 17 

db 

047 

139 1 

d: 

3 51 

137 2 

± 

3 39 

Plasma K mEe /L 

4 13 

d; 

0 37 

3B6 

d: 

0 30* 

Plasma Cl, xiJSj IL 

101 3 

=b 

0 95 

100 7 

d: 

0 55 

Plasma HCO| mE^ /L 

24 6 


(141 

230 

d: 

051* 

RBCK w£o/L 

RQC Na mEq IL 

908 

d: 

35 

87 9 

d: 

4 2* 

US 

i: 

(135 

14 7 


1 84 


* The difference betvrccn the control value and the N"tlnc 
after the aodiura load has atatfstlcal significance 


the>e Nalucs changed significantly due to the ad 
ministration of the large quantities of saline solu 
tion none of the changes appear to be of an} real 
importance 

DISCU6SIOA 

The excretion of 56 per cent of a large oral so 
dium load during the penod of its adimmstration 
challenges the widel} held belief tliat man unlike 
the dog IS sluggish in excreting sodium (2) 
Since pretious studies m tlie literature concerned 
until sodium loading m nun have all been per 
formed giving smaller total amounts of physio- 
logic sodium clilonde solution ( 1 to 3 liters) but 
b} more rapid intravenous infusion (13 to 65 cc 
jver nun ) it is possible that the previously unre- 
tKjrted expcnmental conditions used m this stud) 
are responsible for the observed difference 

Harlicr investigators have held that man ex 
creted sodium sluggishly compared to the dog due 
to the fact that glomerular filtration did not in 
crease m man wnth the intrav cnoiis administration 
of sodium dilondc In the present stud\ however 
there was usuallv a consistent and sigmficant m 
crease of glomerular filtration at the termimition 
of oral sodium loading Since the percentage of 
filtered sodium excreted increased significant)} 
from 2 per cent to S 33 per cent it is evident 
diat decrcasoil tububr rcabsorpuon over and 
abo\e the increased amount filtered hv the glomcr 
ulus accounted for n part of the augmented sodium 
excretion Even though it is difficult to compare 
the results of thi> siudv witli pnnr ones it can lx: 
stated neverlhclcss tliat wntu* and so<lium cxcrc 
tion after oml vodiiun loading fell to values between 
llifisc reported in non preludnted (2) and pre 


h}drated (12) subjects maintained in the recum 
ticnt position 

The magnitude of tlic sodium and water diuresis 
after oral sodium loading is masked somewhat by 
tlie control values since these latter values them 
selves demonstrated a t.hght water and Midiuni di 
uresis compared to data in the literature Tlic 
slight vv'ater diuresis during the control penod wais 
due to the administration of a small quantit} of 
water before the commencement of the test Thv 
slight sodium diuresis is more diffiadt to explain 
but is most likely due to an augmented ingestion of 
sodium in the doiI) Peruvian diet prior to tlie test 

Altliough no attempt was made to study renal 
hemod}'nanucs during the course of the admim^ 
tradon of the sodiimi load the gross data of so- 
dium and winter excretion on the 2 hour samples 
collected during that time demonstrated the well 
known diurnal vnnations of water and sodium ex 
cretion wnthout sodium loading but at higher lev els 
than reported under normal aratmstances (13) 

SUMllARV 

1 bixteen health} }oung Peruvian males were 
given a quantit} of an isotopic saline solution 
equivalent to 10 per cent of body weight in live re 
cumhent position by constant dnp via a gastric 
tube over a penod of 21 hours Renal IicukkIv 
namicb and clectrohte excretion were studied m 
twelve of the subjects and plamia volumes m 
eleven of them before and after the administration 
of the sodium load 

2 Glomerular filtration rate increased an aver 
age of 32 per cent over the Lontrol value after ad 
ministration of the stxhuni load while effectue 
renal plasma flow did not diongc signilicauiK 

3 ^^^u!e bod} weight wns increased significanllv 
at the termination of the sodium load plasma vol 
unic did not clwngc siguificantlv The increase in 
bodv weight largel} disappearcil wnthin 3 hours 
after termination of the load 

4 During the ptnwl of adnuni tnuioii of the 
sotUuiw load 58 per cent of the administered so 
diuni and 51 per cent of the administfrcd water 
were excreted vn the kidncvs The concvniration 
ami total cjuantit} of sodium excreie<i in ilic urint. 
increased significant!} at the termination of the 
sodium load An mcrcnscfl riltntum oj xoduim 
In the glomeruli as well ns a decreased rcahviTj) 



30S 


K M \RKLF\ M ROCVNEGRA C MORALES \M) M CHI \rrORI 


tion of boclnim b\ the tubules arc considered to be 
responsible for this jihenonicnon Water excre- 
tion was augmented also but its significance wa'^ 
masked b% the slight water diuresis present in the 
control \ allies The diurnal lanations of sodium 
and water excretion during the course ot adminis- 
tration of the sodium load were eiident, but at 
higher leiels than under normal circuiiistances 

5 Total excretion of potassium as well as po- 
tassium concentration in the uniie decreased after 
sodium loading 

6 There were no important changes m plasma 
concentrations of red blood cells, total proteins 
or electroUtes 
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OBJECTIVE EV^LU-^TION OF PATIENTS WITH RHEU.^tATIC DISEASES 
n P\PER ELECTROPHORETIC STUDIES OF SERUM GLYCO- 
PROTEIN ^ND PROTEIN FRO'M PATIENTS WITH 
RHEUMATOID ARTHRITIS’ 

By GFORGF STID\\ORTH\ R. W PA\ ME, CLARA E SHFTLAR, anp 
M R. SHtTLAR 

(From the Rejeorch Laboratory I I and the Departments of Biochemistry and 

Phanuacology Unnersity of Okiahoma ScUooi of 'tledtcine Okiahoma City Okla) 

(Subtmrted for iHibhcatton September 13 1956 scccpted Norember 7 1956) 


Scruin glycx)protein concentrations. ser\e as n 
i*aiuab!e index of tlie intensit} of mflainniaton 
acti\nti m the rheumatic disenscb ( I ) particu 
lari) when the gUcoprotem le\el is considered m 
relation to the serum protein mth which it is 
iKjund ic as the poh sacchande protein ratio 
(PR) The t3'pical changes of bcruni proton 
(lowering of alhunnn increase ot globulin) m 
rheumatoid arthntis are well known ( 2 ) 

The development of techniques for serum pro- 
tein and glycoprotein anaUses b) filter paper elec 
trophorcsis permits a detailed stiidi of die changes 
in each of the serum protein components as well 
as the distribution of carboh) drale liound to these 
components ( 3 ) Tlie relationship of these van 
0U8 components to the se\enrN of infiammator) 
actml) of rheumatoid arthntis. has consequcntlx 
l>cen mvcstigatetl 

1 These studies \\cre supported m part by grants frmn 
Gclgy PVtamuceaticaU Di\i<ion of Gog> Chemical Cot 
poratjon Ardslcj N ’i ^ and from the Oklahoma Oap 
ter of the Arthntiw and Rhcinnatism roumlation with 
fund* made a\“ula1 le the United Fund of Oklahoma 
City 


METHODS 

Laboratory Paper stnp electrophoresis was per 
formed essentially as described by Block, Durrum and 
Zwag (4) using Darrum type cells (Spinco Hodel R) 
Flcctropboretic runs were made at room temperature 
(78 to 85 ) for 16 hours on ^Vhatman 3MM filter paper 
strips saturated 'alth 0 075 M Barbital buffer (pH 86) 
using a constant current of 5 milhamps for eadi cell of 
8 stnps A wlmne of 10 ndcrobters was applied lo tlje 
paper for proton fractionations ami 30 nncroliter? for 
glyeoprolein separations All samples were run m dupU 
cate. Protein w'w visuali ed on tlw paper strips by 
staining wth bromophecol blue-imc sulfate as desonbed 
by Block Domun, and Zwdg (4) The glycoprotan 
color development on the paper strips was accomplished 
bj the Peri<^tc-add Schiff reaction Urgelj* as desenbed 
by Koiw and Grtmwall (5) However the reducing 
solatioo was prepared as desenbed by Robor, Hess and 
Forster (6) 

Quantitation of the developed strips was made wnlli a 
servo type recording photometer and automatic integrator 
(Spinco ilodel R Analytrol) Protein stnps were 
scanned through blue filters gljcoprotdn stnps through 
green filters (Kirtl 52) The intal area under the pro 
lem curve was equated to the total serum protein aa de 
termbied b> the buret reaction of \\ cichwlhaum and 
Shapiro (7) and tJic pljcoproldn cane lo ilie total 
serum glycoprotem as determined hv tl>c tryptoplian 


TABLE 1 

Sernm prcAesn fracitons as esUmated iv paper eleciropkorests 





Wot*4n iwT wtn ot t«mt of 


(Vtwp 

No. 

Mbura n 


1 

fi 

y 

Monnal 

13 

57 3 ±l 7} 

41 ±0 3 

9 4 ±0 ^ 

n 9 ±06 

16J ±IJ 

Rheumatoid arthnli 







Qmical nctmty 1 

8 

49 5 ±0 8 

S3 ±0 4 

106 ±06 

13 7 ±0 1 

20 9 ±1 4 

Qinvcal activnty 2 

U 

44 9 ±1 2 

6 4*±0 4 

U 1 ±04 

14 3 ±06 

23 3*±l 2 

QIntcal acti\nty 3 and 4t 

12 

39J*±2 0 

6 8 ±0 3 

14 T ±0 5 

15 4 ±0 6 

23 7 ±3 3 


• Sifinificantl) different from the normal group at the 1% In-cl of probabilii) 
t Composed of eight with acti\nl\ 3 and four with actirity 4 
J Figures followang the d: sign are tandani error of the mean of each group 

309 


310 


( ‘;TIn\\nRTH^ k pa\nf c shftl\r and m shftlvr 


TABLE It 

I’ralcir bound poI\saechandc'^ of scrum fraclwns as eslimalcd by paper electrophoresis 


Mr of ix)U accliarulc* of 



No 

Total 

\lbumm 


n 

e 

1 

Seromucoid 

Normal 


115 ±4 1 

14 8±0 7 

16 3 ±0 0 

33 6 ±2 3 

28 3 ±1 a 

22 S±1 3 

11 0 ±1 4 

Rh arthrili-. 









Clin activatv 1 

s 

150*±3 6 

14 7±1 1 

19 7*±1 3 

51 9*±2 5 

35 9*±1 6 

27 S±1 8 

20 5*±1 6 

Clin activiti 2 

13 

176*±14 6 

14 3±1 S 

2S0*±1 7 

66 6‘±2 9 

36 7*±1 4 

29 0±2 5 

30 5*±1 7 

Clin activitj 3 and 4| 

12 

197«±5 9 

14 2±0 9 

34 5* ±3 0 

81 1*±3 9 

37 6*±3 2 

29 1±2 2 

30 3*±0 8 




PoH*<icchande per cent of the prolcm (PR' 

of 




Total 








\n 

protein 

Albumin 

411 


aj 

S 

a 

Normal 

Iv 

1 48 ±0 03 

0 33 ±0 02 4 27 ±0 28 4 67 

±0 30 3 04±0 21 

1 81 ±0 09 

Rh arthntis 









Clin activitv 1 

S 

1 91*±0 03 

0 37 ±0 05 4 S4*±0 11 6 29 

•±0 35 j 

47±0 31 

1 79±0 21 

Clin actmt) 2 

13 

2 26* ±0 06 

0 41 ±0 05 5 89* ±0 16 7 87 

•±0 44 3 42±0 16 

1 61±0 13 

Clin activatv 3 and 41 

12 

2 73*±0 06 

0 52*±0 04 6 96*±0 40 7 93 

*±0 32 3 32±0 26 

1 77±0 13 


* SiRmficanth different from the normal group at the 1 per cent le\ el of probabiliU 

t Bound hexose as determined bt the triptophan method (8) Hexosamine component of the poK saccharide 
complex IS not included 

t Composed of eight with actixnti 3 and four wnth actixitx 4 


method of Shetlar 1 oster and Exerett fS) The quan 
tiUitions of mdmdual fractions were made b> calculating 
the percentage of the total area contributed bj the 
areas representing each of the \-arious fractions The 
areas representing each of the glj coprotein fractions 
were selected b) comianng the gKcoprotem densitometer 
ciirtc with the corresponding protein cune. 

Scromucoid was determined bj the method of \\ cimer 
and Moslun (91 

Cliuual All estimate of clinical actixatj of the rlicii 
itoid process was assigned at each clinic \asit as dc 
nlicd in a prexaous rc|)ort (10) Current disease ac 
at\ was thus grossK ap]iraised as 

\cti\atj I — \o inflammatorx actnitx 
■\cti\at\ 2 — Mild actixatj 
\cti\it\ 3 — Moderate actixitx 
\cti\it\ 4 — ‘severe actuatv 

KESLLTb 

Results ot the analv ses ot the serum protein and 
vcoprotem fractions from patients with rheunn- 
id arthntis ot various degrees of seventt arc 
mm irized in lahles I and II Tjpical clcctro- 
lorctic strips of a nonnal serum are depicted m 
igiire 1 and those oi a patient vvith severe rheii- 
atoid arthritis in Figure 2 

With increasing seventv ot the rheumatoid 
occ" an increase occurred in all the globulin 
actions lieing mo't mnrkefl in the a, globulin 


\ corresponding significant decrease m tlie serum 
albumin fractions occurred , indeed it w ould appear 
that the decreasing serum albumin is a slightl) 
more sensitive index of activitj than the serum 
globulin increase 

The most striking changes in serum gljcopro- 
tcin of patients with rheumatoid arthntis occurred 
in those carbohj drate moieties associated w ith the 
a, and a„ protein fractions This increase is in 
excess of the protein increase in the a, and frac- 
tions resulting in an increased percentage of 
bound carbohj drate in these fractions (Talile II) 
On the other hand the increases in the ft and y 
fractions merelj parallel the changes in protein 
contents of these respective fractions 

Correlation coefficients of protein, seromucoid 
and glj coprotein fractions with clinical activity of 
the rheumatoid arthritis patients are presented in 
Table III Clinical actnitj was found to have 
a significant positive correlation with total PR 
a, and a, gljcoprotcm, seromucoid and a, globu- 
lin protein, and a negative correlation with scrum 
albumin Seromucoid exhibited significant cor- 
relation with total givcoprotem (expressed cither 
as mg per cent or as PR) and with a, and a. glj- 
coprotein The total PR was correlated with the 
PR’s of the cr, and or, globulins Total gl\ copro- 
tein (in mg per 100 ml ) exhiiiiled a low but sig- 
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Fzg. 1 TvncAL Pawer Strip Ei.EcrROPnoRrnc Pat 
T tjLMB 0? Norvlal Smim wnn ContEfiPovorKc Dexsi 

TOICETER TrACACS 


Tlje *oUd line Itvlicates protein concentraiion Uie 
dotted line, glycoprotein concentration. The top itnp u 
itained with Periodic tad Schiff reagent* for gljro- 
protein ai>d the bottom tsith bromophenol blue for 
proteia 

The total hexose glycoprotein of thU •erum ua» 108 
mg per 100 ml (fiitnbuted among the fractionj a* fol 
loiva Albumm, 132 mg per 100 ml a, 142 a, 276 
^ 302 and y 214 The total protein of lhi» sample 
was 7 42 grams per 100 ml 


nificnnt correlation \srth n^ glycoprotein but not 
mth ft, glycoprotein 

DISCUSSIOA 

Changes m scrum protem produced hy \'nnou6 
t^-pcs of rheumatic diseases ha^e liecu reportctl 
The data of Table I arc conftnuator> of earlier 
work m whidi n. decrease of scrum albumin in<l 
nn elevation of the globulin fractions uns noted 
The oljscn^ition that scrum nllnuum as determinwl 
b\ n 26 per cent sodium sulfate salting out pro- 
cedure has a negatiie correlation nith actnit) of 
rheumatoid artlintis (II) is further coiibnitcd bi 
paper clcctropho^^sl3 studies (Table IH) The 
correlation coefficient of — 0 *126 for the salting 
LTUt method IS \cr\ clexe to the — 0263 found to 
the present stud\ Use of the elcctroph6retK 


method allows further investigation of relation 
ships between clinical activit) and protein frac 
tions The finding of a positive corrchtion of 
for a, globubn with dimeal activity is of 
interest as clevritions of this friction have been 
noted in man> inflammatory conditions No other 
proton fraction was significantU correlated with 
achvrtv It mav be implied that albumin and a 
globulin fractions are more rapidly affected tlian 
arc otlier fractions by inflTmmator) activity in 
rheumatoid arthntis insofar ns their protem moie 
ties are concerned 

The concentration of serum glvcoprotcin in pa 
tients with rheumatoid arthritis senes as an m 
dex of the inflammatory actmty of this disease. 
\s can be seen tn Table II tlie most striking ele- 
vation of scnim glycoprotein m patients with rheu 
matoid arthntis is found in carbohydrate bound 



Fic 2. Titical pAra Sttir ELEcntoenowmc Pat 

TOUfS AMD COMRSPOSmAC DESStTOMITTER TlWaNCa OF 

THE Stauvi or a Pattett with Active RiiEDitATom 

The solid line inthcales proieiii concnrtrflboo tlie 
dotted Ime, glytoprcrttui coccentrabon. The top stnp h 
stained vnlh Penodic acid Schiff reagents for glyco- 
protein ind Ihe bottom strip mth bromophenol Mue for 
protem. 

Total hexosc glycoprotein of tins serum u-as ^ 
per 100 ml distribated among the fractions as foUoAS 
Albumin, 96 mg per fOO mL a 634 79 J p 3X7 

and 7 21 6. Total protein of this sample was 772 jiram* 
per 100 m! 
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T^BLE III 


Still n ary of corrdatwr corficiriils 



T* 

t V aluet 

P 

Correhtion wath clinical activate 


Total PRt 

09U 

12 50 

01 

a. PRf 

0 559 

3 75 

01 

a PRf 

0 296 

1 72 

10 

Mbumin % of total protein 

-0 563 

3 79 

01 

on % of total protein 

0 no 

0 64 

30 

on % of total protein 

0 635 

4 58 

01 

fl % of total protein 

0 183 

1 34 

15 

7 % of total protein 

0 306 

1 79 

10 

rti po!}sacchande, mg % 

0 654 

4 82 

01 

ct poK -acchande mg % 

0 6S4 

5 21 

01 

Seromucoid 

0 689 

3 49 

01 

Correlation w 

ith seromucoid 



lotal PRt 

0 786 

5 09 

01 

Total poK sacchande mg % 

0 826 

3 85 

01 

\lb poK ‘sacchandc me % 

-0 224 

0 92 

25 

ni polv saccharide mg % 

0 826 

5 88 

01 

a poK <icchande, mg % 

0 603 

3 02 

01 

fi pob saccharide, mg % 

0 448 

1 69 

15 

y polv sacchande mg % 

-0 082 

0 21 

45 

Correlation with total poly sacchande 


Of! 

0 459 

2 88 

01 

n 

0 114 

0 64 

35 

Correlation with total poK saccharide protein ratio 

m PRt 

0 686 

5 24 

01 

a PRt 

0 700 

5 55 

01 


• r = Correlation coefficient 


J PoKvicctnnde (bound hc\OM,) is p-r cent of the pro- 
tein in\ol\ed 

tu the a-globuhns Thii> increase is in excess of 
n glohiiliii protein increases since tliere is a dis- 
propnrtiomtch large percentage of glj coproteins 
iKiiind to iioth or, and o- globulins in the actne 
phases of the disease studied Some of this elc\a- 
tioii IS prolnbh due to increases in the seroniucoids 
which hate electrophoretic mobilities at pH 86 
similar to the a-globuhns Furthermore the high 
correlation coefficients of o, globulin carboln drate 
(0 826) and o, globulin carboln drate (0 603) 
with scromucoid suggest a close relationship of 
these components in rheumatoid arthritis How- 
ever the seroimicoid levels (Table II) are not 
high cnongh to account for all ot the carbohv drate 
increases lound in the «, and o- fractions One 
ma\ w ell speculate tliat carboln drate nch fractions 
watli mobilities at pH 8 6 similar to «, or a. globu- 
lin as vet not definitelv cliaractcnzed arc elevated 
111 the stra of patients with rheumatoid arthnti' 


The carbohv drate bound to albumin was found 
to be reiatneh low bv the procedure follow'ed in 
this stndv Onl) slight changes of albumin carbo- 
ln drate percentage occurred in patients w itli rheu- 
matoid arthritis This is in contrast to data ob- 
tained In salt fractionation methods as preMOUsh 
reported (11) in w Inch striking increases of albu- 
min bound earboln drate were found in actne 
rheumatoid arthritis The most likel} explana- 
tion of the disparity betw een the data obtained hi 
the two methods is that the albumin fraction ob- 
tained In salt fractionation contains appreciable 
amounts of carboln drate nch globulin and thus 
Ins a higher carboln drate content 

The significant changes in scrum a_ globulin, 
the bound carboln drate of a, and a. globulin and 
of seromucoid with increasing clinical activat}' of 
rheumatoid arthritis patients are of considerable 
interest The technique of filter paper electro- 
phoresis would appear to have advantages in that 
onl} minute amounts of serum are required for 
anahsis and the entire spectrum of protein and 
glv coprotein maj be inv estigated How e\ er, data 
obtained from total serum polj saccharide-protein 
ratio as obtained b> chemical methods, which are 
a necessarv prelimman to paper strip quantita- 
tion, are apparent!} as satisfactory' as anv of the 
fractionation data for use in evaluating activity of 
the rheumatoid process 

SUMMARV 

Paper electrophoretic techniques have been ap- 
plied to analv ses of serum protein and gl} coprotein 
components from ]ntients with rheumatoid ar- 
thntis of V anous degrees of sev ent} The increase 
of senim glv coprotein m patients with rheuma- 
toid arthntis is due to 1 ) increases of the carbo- 
ln drate rich globulin fractions relative to the 
carbohv drate poor albumin fraction and 2) an in- 
crease of the carlioln drate content of the «, and 
a* globulin fractions 

Qianges in the a globulins arc apparentl} most 
closelv related to innanimatorv activit} in rheu- 
matoid arthritis as the carbohv drates associated 
vvatli or, and a- globulin and the a_ globulin protein 
increased with increasing clinical activit} ■\ de- 
crease of albumin protein occurred with increas- 
ing seventv of the disease 



PAPER electrophoretic STUDIES IN RHEUMATOID ARTHRITIS 


313 


Total scrum glycoprotein (expressed as hexose 
polysaccharide as a percentage of the serum pro- 
tein) exhibited the highest correlation Tnth dim 
cal activity, and consequently is to be recommended 
as the most satisfactory laboratory method of those 
studied for evaluation of the status of patients with 
rheumatoid arthritis 
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r STIDWORTin R r\\\F C SUFTL\R WD M SHETLVR 


T ^JILL m 

Siiii!mar\ of corrtinttor occjncterls 


r* t \ alutf p 


Corxchlion wnlh chmail icti\ntv 


Total put 

0 914 

12 50 

01 

a, put 

0 559 

3 75 

01 

a put 

0 296 

1 72 

10 

Mbiimin % of total protein 

-0 563 

3 79 

01 

n, “vo of total protein 

0 no 

064 

30 

n of total protein 

0 635 

4 58 

01 

3 ‘fc of total protein 

0 ISa 

1 34 

15 

a % of total protein 

0 306 

I 79 

10 

ni pol\ sacchaiadc me 9c 

0 654 

4 82 

01 

rr poK saccharide me % 

0 6S4 

5 21 

01 

'Scromiicoid 

0 689 

3 49 

01 

Correlation ni 

th Hromucoid 



1 oual put 

0 786 

5 09 

01 

Total poK-acchandc mR % 

0 826 

3 85 

01 

Mb poI\ sacchande me % 

-0 224 

0 92 

25 

ni poi\ saccharide me % 

0 826 

5 88 

01 

a poK xacchandc, mg % 

0 603 

3 02 

01 

fl poll sacchande me % 

0 448 

1 69 

15 

, poh sacchande mg % 

-0 082 

021 

45 

Correlation with total poh sacchande 



0 459 

2 88 

01 

a 

0 114 

064 

35 

Correlation with total poh sacchande protein ratio 


Ol PR} 

0 686 

5 24 

01 

m PR} 

0 706 

5 55 

01 


* r = Correlation coefficient 


J Pole -eicchandc (Iiound hcxo-<;) as p"r cent ot the pro- 
tein ineoKcd 

t<i the Q-j;lol)iilins This increase is in excess of 
<t gldhnhn iirotein increases since there is a dis- 
jiroportmnatth large percentage of gh coproteins 
Iwund to lKith a, and «, globulins m the actnc 
phases of the disease studied Some of this elca-a- 
tion is prohahh due to increases in the scromucoids 
\ liieli ha\L electrophoretic mobilities at pH 8 6 
similar to the a-globulins Furthermore, the high 
lorrelation cocfhcients of a, globulin carbolndrate 
(0 826) and n- globulin carbolndrate (0 603) 
with scroinucoid suggest a close relationship of 
these components in rheumatoid arthritis How- 
tier the scromiicoid let els (Table II) are not 
high enough to account for all ot the carbolndrate 
iiicriasC' louiid m the a, and «- fractions One 
iiia\ well sjKCutate that carbolndrate rich fractions 
with mobilities at pH 86 similar to Oi or qs globti 
hn as \ ct not dcfinitth charactenzed are elea-ated 
111 the sera of jiaticnts wath rheumatoid arthritis 


The carhohadratc bound to albumin was found 
to be relatncK low b\ the procedure followed in 
this stud\ Onl\ slight changes of albumin carbo- 
Indratc percentage occurred in patients with rheu- 
matoid arthritis This is m contrast to data ob- 
tained In salt fractionation methods as preiiousl} 
reported (11) m w Inch stniang increases of albu- 
min bound carbolndrate were found m actne 
rheumatoid arthritis The most hkeh explana- 
tion of the dispariti betucen the data obtained bi 
the two methods is that the albumin fraction ob- 
tained In salt fractionation contains appreciable 
amounts of carbohidrate rich globiihn and thus 
has a higher carbolndrate content 

The significant changes m serum a_ globulin, 
the bound carbolndrate of a, and a_ globulin and 
of seroniucoid with increasing clinical actnitj of 
rheumatoid arthritis patients are of considerable 
interest The technique of filter paper electro- 
phoresis w ould appear to hai e ad\ antages m that 
onlj minute amounts of semm are required for 
anaUsis and the entire spectrum of protein and 
gh coprotem maj be im estigated How ever, data 
obtained from total serum polj sacchande-protem 
ratio as obtained bi chemical methods which are 
a necessar} prelnmnar) to paper strip quantita- 
tion, are apparent!! as satisfactor) as any of the 
fractionation data for use m evaluating actnity of 
ihe rheumatoid process 

SUMMARY 

Piper electrophoretic techniques ha\e been ap- 
])lied to anah ses of serum protein and gh coprotem 
components from patients with rheumatoid ar- 
thritis of !-arioiis degrees of sci ent\ The increase 
of serum gl\ coprotem in patients with rheuma- 
toid arthntis is due to 1) mcruises of the carbo- 
Indratt rich globulin fractions relatne to the 
carbolndrate poor albumin fraction and 2) an in- 
crease of the carljohi drate content of the o, and 
a. globulin fractions 

Cliangcs m the a-globulins arc apparently most 
closch related to inflammaton actnity m rheu- 
matoid artlintis as the carboln drates associated 
witli a, and a, globulin and the a- globulin protein 
increased with increasing clinical actnity A de- 
crease ol albumin protein occurred with increas- 
ing se\ent\ of the disease 
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THE ABSORPTION OF RADIOIRON LABELED FOODS AND 
IRON SALTS IN NORMAL AND IRON-DEFICIENT 
SUBJECTS AND IN IDIOPATHIC 
HEMOCHROMATOSIS 

Bv ROBERT B CHODOS ,1 JOSEPH F ROSS ,» LEONARD APT,» MYRON 
POLLYCOVE ,« AKD JAMES A. E. HALKETT 

(From the Radwtsotofc Unit and Medical Service, Veterans Administration Hospital, Boston, 
the Department of Medicine, Boston Unitersiiy School of Medicine, the Department 
of Pediatrics, Harvard Medical School, and the Department of Medicine, Tufts 
Uniiersity School of Medicine, Boston, Mass) 

(Submitted for publication September 7, 19S6, accepted No\ ember 7, 1956) 


It IS generally accepted that, in the absence of 
bleeding or pregnancy, approximately 1 mg of 
iron IS lost per day from the body (1-11) As a 
corollary, the quantity of iron in the body is largely 
determined by the amount of iron absorbed from 
the gastrointestinal tract Fundamental knowl- 
edge of iron absorption has been obtained by bal- 
ance studies (2, 4, 12-18), by determination of 
the increase in the serum iron level (19) or circu- 
lating hemoglobin (20-21) after oral iron adminis- 
tration, and bj evaluation of the percentage of 
orally administered radioiron incorporated into 
hemoglobin (22-26) or accounted for in both he- 
moglobin and feces (7, 27) 

The present in\ estigation was undertaken to 
compare the absorption of egg and v egetable iron 
with that of iron salts fed to normal subjects, to 
patients wnth iron-defiaency, and to patients wnth 
idiopathic hemochromatosis The method of study 
used was similar to that introduced by Dubach, 
Callender, and Moore (27) These investigators 
showed that the quantity of iron used in hemo- 
globin formation maj not always be a true index 
of iron absorption (27, 28) Since a negligible 
quantity of iron is excreted into the intestinal tract 
(1-3, 7-S 11) and since stool iron is almost en- 
tirely unabsorbed dietary iron (2), additional in- 
formation concerning iron absorption may be ob- 
tained by determining both the percentage of orally 
administered radioiron incorporated into hemo- 

1 Present address VA Hospital S>Tacuse, New York. 

- Present address School of Medicine, University of 
California Los Angeles California. 

1 Present address WIls Hospital, Philadelphia, 
Pennsj Ivania. 

‘ Present address Dcrmer Laboratorj Universit> of 
California, Berkeley California. 


globm and the percentage recovered in the feces 
The percentage of the oral dose not recovered in 
hemoglobin and feces may be considered an ap- 
proximate measure of the quantity of iron de- 
posited in tissue stores In certain patients this 
figure may be subject to a significant experimental 
error due particularly to incomplete stool collection 

experimental subjects and methods 

Three groups of patients were studied 

1 Normal subjects This group consisted of 32 male 
patients wnth uncompbeated dermatitis, psychosomatic or 
ps>chiatnc illnesses, or neurologic diseases All had 
normal hematologic and serum iron values Iron stores 
were not specifically measured by tissue biopsy (bone 
marrow or liver) Blood loss was e-xcludcd by history 
and stool examination Sjstemic diseases that might in- 
fluence iron absorption, utilization, or the level of iron 
stores were excluded by appropnate laboratory and clini- 
cal evaluation 

2 Subjects with deficient iron stores This group com- 
prised 15 pahents wnth evidence of chrome blood loss 
The red blood cells were hjiiochromic and microcjUc, 
scrum iron levels were less than SO micrograms per lOo' 
mh and a definite history of blood loss was obtained in 
each case. 

3 Subjects with excess iron stores This group of 9 
patients had idiopathic hemochromatosis The diagnosis 
was established bj clinical features, elevated serum iron 
level, and bj liver or skin btopsj 

The number of absorpUon studies and the form in 
which the iron was administered to these subjects arc 
summanzed in Table I 

Red blood cell indices were determined for each sub 
ject using equipment certified by the Bureau of Standards 
Serum iron was measured b> the method of Kitzes 
Elvehjem and Schuette (29) The v hole blood, red cell’ 
and plasma volumes were estimated using a radiophos- 
phorus tagged red cell method (30) 

Following these studies, tracer doses of radioiron were 
given by mouth to the fasUng subject cither as ferrous or 
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TABLE I 

Summary ef trvn ehsorptlen sittdtts 
Imi 59 


At labeled food 


Group 

No 

As As 
FeOiFeCU 

Ekx* 


Tout 

&o.o( 

•todka 

Normal 

32 

25 

2 

U 

6 

47 

Iron defiaent 

15 

14 

2 

3 

2 

21 

Hemochromatosis 

•) 

13 

0 

1 

2 

16 

Total 

S6 

52 

4 

18 

10 

84 


ferric chloride or A5 a radicdroQ labeled food. Fcrrooi 
chloride w« prepared by the redaction of ferric diloridc 
with powdered ascorbic aad or In 2 ftodlcs with cyrtemc. 
The oral dose of F«^ ® used fn the iron wit absorption 
studies ranged from 12 to 50 tmcrocunei and from 7 to 
23 mlcrocurics m the food iron absorption studies. 

In all btrt 7 studies eraltuthig the absorption of fer 
rooB chlonde, ascortdc add tablets (total of (LS to 1 0 gm.) 
were admimstered conco mi tantly with the radioactiTe Iron 
salt A Tirlable Quantity of non-radioactivc carrier iron 
ranging from 4 or 5 rog to 80 mg was ntually added to 
the tracer dose. The srnaller earner doses were used if 
the absorption of food Iron liad been prcriouily studied 
in the subject, since tWs dose range approxmuted the 
quantity of iron adnurdstered in the labeled foods. 
Larger carrier doses were used in the remaining iroa salt 
absorption studies. 

The Fe* labeled foods were chicken eggs and Tcge 
tables. The techniques developed for preparation of 
these labeled foods will be reported separately (31) 
The quantity of Iron In a given oral dose of labeled food 
was determined by the method of fQtiei, Hvehjera, and 
Schuette (29) on an aliquot of the food substance after 
Kjeldahl digestion with concentrated iritric, sulfuric, and 
perchloric add Represeotatire iron content of the w/ 
oos foods used ii tabulated in Table IL 

Radioiroo labeled foods were administered after a 
nights fast Two pieces of bread (containing approd 
matcly 1 mg of iron) without butter and black coffee 
(do Iron) with sugar were eaten with the labeled food. 
Eggs were served scrambled and vegetables were bofled 


TABLE n 

Iron amterU oj IcUUd food praducU 


Pood prodKt 

No. of 

UMOV 

Iroa cootenl 

Iroo sdmlaUtovd 

(xi ) 

lUjife Artns^ 

RsBfc AvenfC 

Chicken egn 

16 

2 8^7 3A 

3 9-100 

60 

Swiss chard 

s 

06-09 08 

2J- 4 4 

29 

Beet greens 

5 

1 1-2.5 1 8 

2,0-4 8 

30 


•The radioactive iron used in these studies was pre* 
pared In the atomic pile at Oak Ridge. The tpedtic ac 
tirity ranged from 45S to 4,237 roc. per gm. Fe 


and served with the cookmg Uqmd. Eight ounces of 
orange juice were given with scrambled eggs m a single 
study 

After iron admlnutration, stools were collected trotil 
less tian I per cent of the oral tracer dose was recovered 
m a 24-hoar cotledioa. Samples of blood were obtained 
at 2 to S-day intervals. In most instances, blood samples 
were obtained nntil a plateau of constant activity was 
reached. 

The preparation of the collected matcnali for counting 
was relatively simple. Water was added to feces in the 
large collecting bottles, total weight determined, and the 
tnixtiire homoge mt e d by an (Usteriier or an Equipoise 
shaker After mixing three aliquots by waght were 
tramferred to screw cap bottles holding 25 mL of ma 
terial Since the quantity of radioiroo present in pissnu 
after the firat 24 hours was not significant, blood sara 
pies were processed for assay by pipetting 25 ml of whole 
blood Into similar bottles. Appropriate standards repre^ 
aenting the administered oral dose of radioactive iron 
Salt or food iron were similarly prepared. The standard 
for iron salts consisted of a portion of the solution taken 
per month by the subjects while that for labeled foods 


TABLE m 

Retvftry of radioiron addtd to fects 


Expert. 

(MSt 

No. of 

N« CM 
totil 

Moot 

N«cp* 

ClTE.1 

Recoverr 

1 

6 

640 63 

6644 

96 42 

2 

8 

644 74 

6644) 

97 09 

3 

9 

668 96 

661,6 

10O9S 

4 

9 

627 90 

652.3 

96 J5 


was made up from weighed ahquots of scrambled eggs ot- 
cooked vegetables. These were digested ra concentrated 
mtnc add and diluted to a 25-inl. volnroe in vials like 
those used lor counting the stool and blood samples. 

Gamma radiation of the prepared samples was quanti 
talivcly measured by Cjdgcf Mueller countiog tubes. 
Initnlly a Syliania GG306 all metal, bUmutb cathode 
tube n-as used. This heavily shielded tube was mounted 
to a borlxQOtal position m a plastic frame and the sam 
pic bottles were placed os close as possible beneath the 
tube, vritii the long axis of the sample bottle parallel 
to the tube. Counts were recorded on a Traccriab 
Autoscalcr The coimlmg effiaency of this arrangement 
for F<^ was 0 4 per cent and 180 cps represe nt ed 1 micro- 
curie. Statistical analysis of the whole sampling position 
ing and coimting technique revealed a potential error that 
did not exceed 5 per cent 

Later another type of Geiger Mueller tube a-as used, 
the Texas Well Counter* This tube a-as approximately 
8 to 10 times as sensitive as the GG306. All food ah- 
aorptioo studies utilised the Texas Well Counter counts 
bang recorded by a Berkeley Decimal Scaler 

•Welch AUyn Companv Skancateles, h«ew York. 
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7) vas a female who had had a subtotal gastnc 
resection three jears pre\nously for a bleeding 
ulcer Subsequent to this operati\e procedure 
she de\ eloped a profound iron defiaencj' anemia 
in the absence of further bleeding other than that 
assoaated with her menses This anemia was re- 
ported to be refractory to therapy with ferrous 
sulfate WTien she received labeled eggs and 
chard in two separate studies she was able to ab- 
sorb and incorporate into hemoglobin only 06 
and 3 per cent, respectiiely Virtually all the re- 
maining Fe“® was recovered in the stools so that 
less than 0 1 mg of iron was actuauy absorbed 
In striking contrast, w’hen a comparable quantity 
of Fe°' w'as administered as ferrous chlonde (4 0 
mg of iron) , 88 per cent was absorbed and incor- 
porated into hemoglobin, representing the absorp- 
tion of 3 5 mg of iron When the earner dose 
of ferrous chlonde was increased to approximate 
the SO mg of iron received daily on an average 
therapeutic regimen of ferrous sulfate, 32 per cent 
of the dose was absorbed and incorporated into 



Tic 5 PtrcoiTR^ of Radiokox n\ Patients wmi 
Dznetz . T Ikon Stores Foixowtnc the Admimstbation 
OK AN Iron Snlt 

The labeled salt was administered as feme chlonde 
(+-h+ aboie column) or as ferrous chlonde (no symbol 
aboie column) mth 31 to 41 mg of earner iron No 
earner iron was admimstered m studies 1 and 2 


Hcmatolojfic anlues of patients 



Raagc 

Mean 

Hematoent (^) 

21 1-^0 

20 8 

Hcmoclobm (jm 8c) 

5 0-13 0 

84 

MCHC (%) 

22 4-30 0 

27 0 



Fig 6 Cgnspabauve RECo'ra&v of Radidtron by 
Iron-Deitcient Patients Foluwvtng the Administra- 
tion OF Either Labeled Food (Eggs, Vegetables) or 
Ferrous Chloride 

Studies 2 and 3 werfi earned out in sequence on one pa- 
tient and studies 4 to 7 inclusive on a second pabenL 


Hematologic values of patients 


Hematoent (%) 
Hemoglobin (gm %) 
MCHC (%) 


Range 

29 0-40 0 
60-11 9 
19 0-30 0 


Mean 

32 0 
75 
23 0 


hemoglobin, representing the absorption of 26 mg 
of iron 

In summary, iron as ferrous chlonde is ab- 
sorbed m larger quanbty by iron-deficient sub- 
jects than IS the iron in eggs and vegetables 
However, food iron is absorbed and used to a 
mucli greater extent by patients with iron de- 
fiaency than by normal subjects 

Absorption of iron by subjects 7inth excess iron 
stores {Figures 7 and 8) 

Sixteen absorption studies have been performed 
on 9 patients with the excess iron stores of idio- 
pathic hemochromatosis Seven of these patients 
w ere males and two ' w ere females past the meno- 
pause The comparative absorption of ferrous 
chlonde and Fe” labeled eggs was evaluated m 
one patient with hemochromatosis The absorp- 
tion of iron before and after an intensive venesec- 
tion program was measured in one patient with 

r We wTsh to thank Drs Alexander Marble and Frank 
Gardner, Boston, Massachusetts for the opportunity to 
study these pahents 
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hemochromatosis and only after venesection in 
another 

It 13 evident from Figure 7 that patients -mth 
ivcll-established untreated idiopathic hcmochm* 
matosis of long duration wth elevated scrum iron 
levels and saturated iron stores did not absorb 
either ferrous chlondc or food iron to any greater 
extent than did normal subjects studied under sim 
liar conditions Patients with hemochromatosis 
absorbed and incorporated into hcmoglobm 0 5 to 
111 per cent ol Fe'® administered as ferrous dilo- 
ndc This represented the absorption of 0 1 to 
3^ mg of the 24 to 41 mg of earner iron adminis- 
tered Almost all of the remaining iron was re- 
covered m the feces Additional iron beyond that 
mcorporated into hcmc^lobin may have been ab- 
sorbed by the ttvo female patients studied (Figure 
7 Studies 7 and 8) The total quantity of iron 
possibly absorbed by these two female subjects 
v.’as 28 and 297 per cent or approximately 1 1 mg 
of iron by each patient 

Absorption of food iron by untreated patients 
nith hemochromatosis mis ei-aluated in two pa- 
tients who recoved Fe** labeled beet greens con 
taming 2^ and 4 8 mg of iron (Figure 7) Only 
1 0 and 1 1 per cent of iron was absorbed and in 
corporated mto hemoglobin. This represents ab- 
sorption of a quantit> of food iron which is es 
scntially the same as that obtained in normal sub- 



Fic. 7 Rccpvtm or RAOioutov r< PArairrs mrn 
Hcmocotouatosis Foujjwikc ADMi>i»TitA‘noN or Fc* 
sous CnLotme ot LArr.tP Dirrs 
Th«e patjcnti h»d not been rcnetected- The fjrobol 5 
identifies a female patient. 



Fic. 8. RreemsY or Radiowok BEroar aito Ama 
lirrsKSWE VENEsreno't Tdoapy or a Patiekt w i t u 
H otocnaoviATOSts (STuam I Tnaouon 6) 

Recovery was tneasored In a lecond patient (study 7) 
only after multiple vencscctioas. 

jeets If all the unrccoiercd iron was absorbed 
and deposited m tissue, the total absorption could 
be increased to 22 and 18 1 per cent, or 0.6 and 
09 mg of iron. 

Absorption of Fe** labeled eggs was not evalu 
ated in any untreated patient with hemociiromato- 
SIS However such a study w*as completed m one 
subject with hemochromatosis after the rcmo%*al 
of 25 liters of blood over an 18-month penod 
(Figure 8) Multiple iron absorption studies 
•were completed before and after the venesection 
program. Initially the serum iron ranged bcti\ ecn 
235 and 3U nucrograms per 100 ml When stud 
led at this stage he absorbed and ineorporated 
mto htmoglobm 4 7 to 67 per cent of a 40-rag 
dose of ferrous chloride. Ninety four per cent 
of the dose wu* recovered in stools After ex 
tensive venesections dunng which penod fus he 
moglobm remained at essentially normal leicls 
and approximately 13 gm of iron were remov*cd 
from his stores his serum iron was reduced to 
60 mlcrograms per 100 ml At this time he ab- 
sorbed and used 207 per cent of 9 4 mg of food 
iron equivalent to the absorption of 1 9 mg of 
iron. This result approximates closclj that ob- 
tained m subjects with iron defiacncy who rc 
ccived bbcled eggs In contrast when Fc** was 
administered as ferrous chlonde along with non 
radioactive eggs he absorbed and incorporated 




ro c ^«-T, To^L-\co.r \' n ii\i,Kr~r 


" $'i4 rc' cc" O' 07 r - r* -n 

; r rf" S ’ c" i, i h 'i 'iru-i 
, _ f 5 . j jCO -Vo'I.rvl 

- t j ,,4 j 2_2 X- z o^ a 40 TH <ic'C 

f c" ' c'u c Tic "'If'i n — I *0 per cent 
" * rcco fee. It •'( o'bcci 'I'^a to tii<: c 

' \ r I’ i-c'c"’''’ the to.nl fon nh n' 1 >cd i n- 

ilf t 'f ct -- ’i c"'' to 2 > in" \\ t'in ! m\ nddi* 
tjo il ec^c'-"!: the 'crum iron gmdinlh in- 

c'c-’t'd to 120 mic'ogrnnis per 10>3 ml At this 
I: f h'- nl •'-h'd ■>nd u'^'-d 54 3 per cent, o- 22 mg 
o n 10 ng <!'- _ Mo^ ot the rcmnining iron vns 
roco\ cred m tl c iccce c' cqit tor 9 per cent <onic 
of \ h eh nn\ ln.\c h^cen nhcorlv^d and deposited in 
ti'^ei c <torc= 

\ ‘f o-^d pcticnt V ith hcmochromnto<^is wns 
'^•iidicd onU otter c.'-tcnenc \ cne 5 Cction« * He 
rcccucd I c ’ without added earner iron, and al>- 
jorl>ed •’nd utilized SS 5 per cent of the adminis- 
tered iron irr the tomiation of iicmoglohm The 
renninder was recovered in stools 

In ninimara, netther beet iron nor the iron salt, 
terrojs chlonde, is absorbed to anv demon'trabU 
g'catcr CNtcntbv patients with well-established un- 
treated hemochromatosis than bv nonnal subjects 
\n intensive venesection program v ill significant!) 

10 cr the scnim iron and remove iron from the 
bodv stores Under these orcumstances absorp- 
tion of lioih ferrous chlonde and egg iron is greatlv 
incri'scd appro'cimating that usuallv encountered 
in iron deficient subjects 

mSCLSSION 

Ou' studies irdicntc lint normal subjects, iron- 
dcficicnt patients and patients with idiopathic lic- 
moch'om''tosi 5 absn-b ferrous chlo-ide more 
readilv th„an food iron In manv of these studies 
a sol I’lon o. ferrous chlonde v-as administered to 
the subject in a quantitv tint considcrablv ex- 
ceeded the amount 01 iron ustnllv eaten b\ an in- 
dn idu'l in a single average meal Oicmical or 
p'’ cal s ibs'arccs that might decrease iron nb 
•a-p ^n wt't t'cluded sirct the pa'icnts v e-c 
i-~ j-j r-'t* cases a supple— ’crtarv reducing 
'gc t s c 1 as nsco'h c "’cid V -as given With the fer- 
'L s eh' — There IS cv’'jt''cc tint the ndmnis 
t—’ - r -‘->r’ c 'cid ma inc'case the abso-p- 

• T 11'- w_i « 1 -' t — ' -’ t' - c' i' c' 

11 'V I ’ -1 D_ - U - v- 1 V Sc JSi cS V 'r~’ or* 


tmi tc-ro s I'on sal - IIov ever, m th- 

presen s*i {% .h.-e w-’s no appannt ditTcrcnsc Ix:- 
tuccr the a!) o-p mn of iro 1 h\ “ subjects’ who 
did no* receive st ppicmcn'-n ascorbic acid and 
cc rpamh'c s ibjccts who rcccivcil this reihicing 
agent widi ferrous chlonde >,o svstcmatic com 
panson vvas made of the ab-oqition 01 ferrous iron 
salts admi itstcrcd lo the same patient with and 
v'nthout a reducing afeiit 

Iron in consulcmhlc eveess 01 the dailv loss of 1 
mg mav be absorbed when ferrous clilondc is nd 
ministered to nonnal subjects under the described 
cxpcnmcntal conditions These results agree 
vvntli those reported bv Dubach, Callender, and 
Moore (27) \\ itlim the limitations imposed bj 

inaccuracies in stool collection our data maj be 
interpreted as lending support to their suggestion 
tluat normal subjects mav absorb and deposit in 
tissue stores additional iron licvond tint which 
IS incorporated into Iicmnglobm 

Normal subjects absorbed niucli Ic's iron after 
a single feeding of radioiron labeled eggs or vege- 
tables These observations were obtained under 
plijsiological conditions more closel) njiproximat- 
ing the ingestion of an average meal conlainmg 5 
mg of iron Onlv 0 3 mg of iron at best, or ap- 
proximatcl) one-third of the dail) iron require- 
ment vvas absorbed and incorporated into bcino- 
globin This observation agrees with prcviousl) 
reported studies (26) \lthough fecal recover) 
data suggest that additional iron in food nn) pos- 
sibl) be absorbed and dcjaositcd 111 bod) stores, 
the limited absorption of food iron observed suj)- 
ports the suggestion (26) that the dad) adult 
requirement of 12 to 15 mg of dictarv iron recom- 
mended b) the National Research Council (32) 
mav be barel) sufficient tei maintain tlic bofl) iron 
"Stores 

Tlic p'csent studies indicate tint jntients v ith 
iron dcficicnc) ii'uall) ab'orh significant!) more 
food iron tlian nomnl subjects Ho 'ever, tin 
amount of iron absorbed f-om U>o<\ v as not much 
greater than the quantit) Ion dad) from the IkkI) 
in the ab'crcc of bleeding or Jiregn mc) Mf/orc 
and Dubach on the otlnr 1 and found onl) i fev 
iron-deficient subjects \ ba absorbed more foo I 

•TV'-' 7 ij' cni t'-I. 5 n'-rral 1 'ijr-ti 1 iron 
er ta 1— ' a.- ! I {a — * il id'iitli; I —ro- 

chr^-1* 
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iron than did normal individuals although the co- 
administration of a reduang substance such as as 
corbic aad significantly increased the quantity of 
iron absorbed (26) In our studies markedly 
limited absorption of food iron ^vas observed in 
an Iron-defiaent patient ivith a subtotal gastrcc 
tomy Iron as ferrous chlonde v,*as as readily ab 
sorbed by this patient as by the other iron-defiaent 
patients Partial gastrectomy may have influ 
enccd the absorption of food iron smce there is 
some evidence that dietary iron is lomzed, re- 
duced to the ferrous form and better absorbed 
at an aad pH (33-37) 

The hraited absorption of food iron m these 
studies suggests that it would be difficult for an 
iron-defiaent patient to replenish his stores by 
diet alone Supplementary medianal iron seems 
mdicatcd for individuals who undergo chrome 
blood loss, have increased physiological require 
ments or have an absorptive defect due to an op- 
erative procedure eg subtotal gastrectomy, or 
steatorrhea (7 26 38 39) Therapy should be 
contmued after the hemoglobin level has been re- 
stored to normal smce it has been shown that de 
pitted iron stores are not easily reconstituted (40) 

A different siiuaUon is observed m hemochro- 
matosis Although our studies indicate that 
neither ferrous chloride nor food iron is absorbed 
to any greater extent in wcU-cstablished hemo- 
chromatosis than in normal subjects it appears 
necessary to assume that excess iron must be ab- 
sorbed during the de\ elopmcntal phase of this 
disease By no other means can one saUsfac 
tonly explain the huge iron stores found m a 
patient wth idiopathic hemochromatosis This 
assumption is perhaps supported by our observa- 
tion that absorption of both ferrous chlonde and 
food iron ivas markedly increased m patients with 
hemochromatosis after they had undergone an in 
tensive venesection program After 12 to 15 
grams of iron had been removed by weekly or bi 
ueekly 500-ml venesections the absorption of 
iron was approximately that seen in iron defi 
acncy It is significant that this increased ab- 
sorption \s'as observed e\*cn after the serum iron 
concentration had returned to normal (120 micro- 
grams per 100 ml ) 

Studies showmg increased radioiron absorption 
m younger patients with hemochromatosis ha%c 
been reported recently which lend support to the 


concept that iron absorpbon must be increased 
during the de\TlopmentaI stage of idiopathic hemo- 
diromatosis (41-43) External measurements 
indicated most of the absorbed iron was stored 
in the Uver (43 44) Increased absorption of a 
lesser degree has also been observed m three 
older female patients (43) Of 9 patients with 
hemochromatosis m onr studies the two women 
were the only patients who appeared to absorb 
an increased quantity of iron* Menstrual loss 
of blood may have had an effect similar to that 
of repeated, small venesections so that full de- 
velopment of the disorder was delayed Our stud 
ICS after venesection as well as those of Peterson 
and Ettinger (41) do show that extensile blood 
loss will modify the absorption of iron even after 
hemochromatosis has fully developed Increased 
absorption may then occur even with a normal 
scrum iron concentration These results suggest 
iron stores may rcaccumulate in idiopathic hemo- 
chromatosis unless venscebons arc contmued at 
intervals as recommended by Hnch and Finch 
(45) 

Although the present study has demonstrated 
greater absorption of iron salts than of food iron 
it does not provide a clear explanation why this 
occurs Multiple studies m normal subjects evalu 
aUng the comparative absorption of labeled egg 
iron and of ferrous chloride alone and with non 
labeled eggs suggest that the presence of egg will 
d ecrea se the absorption of the iron salt. This de- 
creased absorption may be related to the sohd 
content of the test meal (46) or formation of an 
insoluble compound of iron with a chemical con 
sbtuent of egg or bread Hegsted, Finch and 
Kinney (47) ha^e shown that a high concentra 
bon of added phosphate will decrease absorption 
of iron by rats on a com gnt diet, presumably by 
formabon of an insoluble iron phosphate. Sura 
lariy, soluble phytates may also interfere with iron 
absorpbon (46 48) Com'cracly rats on a com 
gnt diet with added iron \vill absorb large amounts 
of iron and produce progrcssi\'c hemosiderosis of 
the bssues (49) Studies by Hegsted Finch, and 
Kinney indicate that the low lc\*cl of dietary phos 
pbate attained with a com gnt diet was pnmanly 
responsible for racrcased absorpbon of iron (47) 
Such increased absorpbon of iron observed on a 
phosphate-defiaent diet unth excess iron might ac- 
count for development of dietary hemosiderosis 
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observed m malnourished pellagrins m South 
Africa (50, 51) 

The influence of phosphates on iron absorption 
may explain the present observations that egg iron 
wTis poorly absorbed and that addition of egg de- 
creased absorption of ferrous chlonde Hahcett, 
Peters, and Ross found that egg yolk iron is in the 
feme state and is strongly complexed to the phos- 
phate of yolk phosphoproteins (52) Formation 
of such an iron phosphate complex occurs both 
in the biological production of eggs and when iron 
IS added to eggs ui vitro They further observed 
that egg yolk iron is not removed by peptic di- 
gestion and acidity unless a reduang agent is 
present It appears egg iron is not readily avail- 
able for absorption and it is not surpnsing that so 
little ivas absorbed in the present study as well 
as in prenous animal studies (53) In contrast it 
has been shown that a 10 to 20 fold increase in the 
absorption of food (egg) iron generally occurs m 
iron-deficient subjects when large amounts of 
ascorbic aad are administered iwth the iron (7, 
26) This effect is presumably dependent upon 
the reduction of iron to the ferrous form and may 
be accompbshed by other reduang substances in 
food 

It is of interest to consider how results of the 
present studies may relate to the theory that the 
intestinal mucosa is an important regulator of 
iron absorption (24, 54-57) According to Gran- 
ick (56), iron is transferred from the intestinal 
lumen to blood by a protan, apoferntm, present 
in cells of the intestinal mucosa. Iron is taken up 
by the mucosal cells until all apoferntm is con- 
1 erted to femtin No more iron may then be ab- 
sorbed until femtm has given up iron to plasma 
This IS the concept of the "mucosal block” ongi- 
nally suggested by Hahn, Bale, Ross, Balfour, and 
mipple (24) 

Dubach, Callender, and Moore (27) have pre- 
sented endence tliat this block is at best a partial 
one and that in certain conditions, such as refrac- 
tory anemia, pemiaous anemia m relapse, or 
hemoljnic anemia, the mucosal block does not pre- 
\ ent iron from being absorbed in spite of adequate 
bod) iron stores We hav e observed a similar in- 
crease in iron absorption m thalassemia minor and 
in renal anemia (44) Moreoi er, it •ft ould appear 
that the block must fail significantly dunng the 
del elopmental stage of idiopathic hemochromato- 


sis and again m this disease after an extensive 
course of phlebotomies Other examples of the 
alteration of the mucosal block m ammals and 
men have been discussed previously in relation to 
factors that influence absorption of iron 

Finally, our data in normal subjects, as well as 
those of others (27) suggest that the “mucosal 
block” does not prevent absorption of an increased 
quantity of iron salt when it is administered in a 
single feeding to a fastmg subject under optimal 
conditions, % e , as a solution of ferrous chlonde 
with ascorbic acid, or when given in large quanti- 
ties (4) Such excess iron absorption has also 
been observed after average doses of iron salts 
have been orally administered for a penod of 
years (58, 59) 

SUMMARY AND CONCLUSIONS 

1 The iron salt, ferrous chlonde, is absorbed 
far more readily and m greater quantity by normal 
subjects and by patients with defiaent and excess 
iron stores than is iron present in certain foods 
(eggs, vegetables) 

2 Egg and vegetable iron are not absorbed suffi- 
aently to supply iron in the face of increased loss 
or mcreased physiological requirements 

3 Absorption of certain food iron and ferrous 
chlonde in patients ivith well-established hemo- 
chromatosis IS approximately equal to that ob- 
served in normal subjects However, it can be as- 
sumed that excess quantities of iron must be ab- 
sorbed dunng the developmental phase of this 
disease 

4 After remo-val of blood by multiple venesec- 
tions absorption of ferrous chlonde and egg iron 
by patients with idiopathic hemochromatosis is 
markedly increased 

5 Absorption of iron salts is significantly influ- 
enced by dietary factors which may modify the 
form and solubility of iron in the lumen of the 
gastromtestinal tract 

6 Further evidence has been presented to sup- 
port previous data in the literature which indicated 
that the "mucosal block" to iron absorption is only 
relatively complete and may not umformly prevent 
the excess accumulation of iron in the body 
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obsened in malnounshed pellagnns in South 
Afnca (50, 51) 

The influence of phosphates on iron absorption 
may explain the present obsen'ations that egg iron 
was poorly absorbed and that addition of egg de- 
creased absorption of ferrous chloride Halkett, 
Peters, and Ross found that egg yolk iron is in the 
feme state and is strongly complexed to the phos- 
phate of yolk phosphoprotems (52) Formation 
of such an iron phosphate complex occurs both 
in the biological production of eggs and w'hen iron 
IS added to eggs w vitro They further observed 
that egg yolk iron is not removed by peptic di- 
gestion and acidity unless a reducing agent is 
present It appears egg iron is not readily avail- 
able for absorption and it is not surpnsing that so 
httle was absorbed in the present study as well 
as in previous animal studies (53) In contrast it 
has been sho\vn that a 10 to 20 fold increase m the 
absorption of food (egg) iron generally occurs in 
iron-defiaent subjects when large amounts of 
ascorbic aad are administered ivith the iron (7, 
26) This effect is presumably dependent upon 
the reduction of iron to the ferrous form and may 
be accomphshed by other reduang substances in 
food 

It IS of interest to consider how results of the 
present studies may relate to the theory that the 
intestinal mucosa is an important regulator of 
iron absorption (24, 54-57) According to Gran- 
ick (56), iron is transferred from the intestinal 
lumen to blood by a protem, apofemtin, present 
in cells of the intestinal mucosa Iron is taken up 
by the mucosal cells until all apofembn is con- 
verted to ferntin No more iron may then be ab- 
sorbed until femtin has given up iron to plasma 
This is the concept of the "mucosal block” ongi- 
nallj suggested by Hahn, Bale, Ross, Balfour, and 
\\Tiipple (24) 

Dubach, Callender, and Moore (27) have pre- 
sented evidence that this block is at best a partial 
one and that in certain conditions, such as refrac- 
tory anemia, permaous anemia in relapse, or 
hcmolj-tic anemia, the mucosal block does not pre- 
1 ent iron from being absorbed in spite of adequate 
body iron stores We have observed a similar in- 
crease in iron absorption m thalassemia minor and 
in renal anemia (44) Moreoier, it would appear 
that the block must fail significantly dunng the 
de\ elopmental stage of idiopathic hemochromato- 


sis and again in this disease after an extensive 
course of phlebotomies Other examples of the 
alteration of the mucosal block m animals and 
men have been discussed previously in relation to 
factors that influence absorption of iron 

Finally, our data in normal subjects, as well as 
those of others (27) suggest that the "mucosal 
block” does not prevent absorption of an increased 
quantity of iron salt when it is administered in a 
single feeding to a fasting subject under optimal 
conditions, f c , as a solution of ferrous chlonde 
wnth ascorbic aad, or when given in large quanti- 
ties (4) Such excess iron absorption has also 
been observed after average doses of iron salts 
have been orally administered for a penod of 
years (58, 59) 

SUMMARY AND CONCLUSIONS 

1 The iron salt, ferrous chlonde, is absorbed 
far more readily and in greater quantity by normal 
subjects and by patients with defiaent and excess 
iron stores than is iron present m certain foods 
(eggs, vegetables) 

2 Egg and vegetable iron are not absorbed suffl- 
aently to supply iron in the face of increased loss 
or increased physiological requirements 

3 Absoipbon of certain food iron and ferrous 
chlonde in patients ivith well-estabhshed hemo- 
chromatosis IS approximately equal to that ob- 
served in normal subjects However, it can be as- 
sumed that excess quantities of iron must be ab- 
sorbed dunng the developmental phase of this 
disease 

4 After remoral of blood by multiple venesec- 
tions absorption of ferrous chlonde and egg iron 
by patients with idiopathic hemochromatosis is 
markedly mcreased 

5 Absorption of iron salts is significantly influ- 
enced by dietary factors which may modify the 
form and solubility of iron m the lumen of the 
gastrointestinal tract 

6 Further evidence has been presented to sup- 
port previous data in the literature which indicated 
that the "mucosal block” to iron absorption is only 
relatively complete and mav not uniformly pre\ ent 
the excess accumulation of iron m the body 
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The purpose of this paper is to eiramine the 
vahdity of the single injection thiosulfate method, 
proposed by Cardoao and Edelman (1) for the 
measurement of the extracellular fluid volume. 
The conclusion is that the method does not give 
a valid estimate of the extracellular fluid volume 
and probably does not even measure the volume 
of distribution potentially available to thiosulfate. 

Cardozo and Edelman gave an accurately known 
amount of sodium thiosulfate (about 10 gm. of 
Na,S,0, 5 HaO m 10 per cent solution) by in 
tra\enous injection over a penod that vaned from 
7 to 16 minutes They then collected venous blood 
samples at interv’als and plotted the logarithms of 
the serum thiosulfate concentrations against time. 
The points usually fell on a straight hne, this was 
extrapolated back to scro time, which arbitrarily 
was set as the moment the infusion had been 
started If the pomts did not fall on a straight hne, 
the test was discarded because of the %’an3ble 
clearance rate of the thiosulfate The extrapolated 
value for serum concentration of thiosulfate (P») 
IS presumed to be wliat the concentration would 
be if the thiosulfate were instantaneously injected 
and evenly distnbuted in its final volume of dilu 
lion This extrapolated P© is then divided mto 
the total amount of thiosulfiite injected to calcu 
late the volume of distnbution 

Aside from the fact that \nrtually none of the 
thiosulfate has been injected at this zero time, the 
method IS based upon rather questionable assump- 
tions which will be discussed later 

In some of the c\Tiluations of the single mjcctfon 
method that follow compansons were made be- 
tween the volumes of distnbution of thiosulfate 
and sucrose as calculated by different methods, 

' This invcstication wtis sopported by & research 
grant, H 1BJ7(C) from the Ntliooal Instlhiles ot Health, 
Public Health Semet. 


The other procedures used were the infusion/ 
slope method devised by Schwartz (2) and the 
cahbrated infusion (IV minus UV) method of 
Deane, Schremer, and Robertson (3) 

MATERIAL AND METHODS 

AJJ expenmenU were done with botpltanicd women. 
WWle wen not normal" they were selected. 

Pabenti with any discennble cause for disturbance m 
hydration, such as fever renal disease or heart disease, 
were excluded. All patients were less than tje 50 years 
and most were In the third and fourth decules of life. 
Nearly all palienu were fasting the day of the test 
The few exteptions are those patimti m whom shnul 
taneotts measurements were made of the volumes of 
distribution of sucrose and thiosulfate. 

Reagent grade ^(Bum thiosulfate (Na«S,0,) was 
made up as a 67 per cent solution in either Isotontc 
salme or 5 per cent dextrose. This gi>‘es the same thio- 
sulfate concentration as Cardoto and Edelman used m 
their 10 per cent solutions of the hydrated salt- The 
solution was sterilised by Seitx filtration and given in- 
travenously from a calibrated buret The dose uas 
roughly oi mi per pound of body weight and was given 
over a penod of from 8 to M minutes. Collections of vc 
nous blood were begun 25 minutes after the end of the 
infusion and five samples were taken over the next 75 
minutes. WTicn the volorue of distribution avs mcas 
ured by the mJosion/ilope method, the priming dose was 
follow^ by constant Infusion of more of the same sofu 
tion at the rate of LOS to 1 10 mb per minute for periods 
of 2 to 3 hours. The constant infusion was given by a 
Bowman pump which was recalibrated after each use. 

The sucrose solutions used m measuring the volume 
of sucrose distribution were made up in 8 per cent con 
ceutralion in either Isotonic saline or 5 per cent dex 
troie. (The latter gives an appreciable blank m tlie 
chemical method for measuring socroie) 

la the calibrated Inioskm method this solnUon was 
grren intravenously at the rate ot 1 05 to 1 10 mt per 
nuoute. Half hourly collections of venous blood and of 
urine were begun 2 boors after the start of the infosloa 
After the collection of 3 or 4 blood and unne samples the 
tinosuUate was given for the single io]ectlon proced u re. 

In raeasunng the volume ot sucrose distribution by the 
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infusion/slope method, a pnming dose of 8 per cent su- 
crose was folloued bj more of the same solution, as de- 
scribed for the adnumstrahon of thiosulfate. Usuallj, 
simultaneous measurements i\ere made of the volumes of 
sucrose and thiosulfate distribution, wth sucrose and 
thiosulfate combined m the same solution In the infu- 
sion/slope procedure, a minimum of three venous blood 
samples were taken dunng the constant infusion, the first 
being obtained about 90 minutes after the begmmng of 
the infusion. Five more venous blood samples uere 
collected over the 100 minute period following the end 
of the infusion. In both the single injection method and 
the infusion/slope method the test was discarded m any 
case where the logarithms of the serum tliiosulfate or 
sucrose concentrations, plotted agamst time, were not 
closely fitted bj a straight line. Also no calculations 
i\cre made from tlie data obtained by the mfusion/slope 
method unless the serum concentrations of thiosulfate and 
sucrose had attained constancy 
The solutions mjected were hypcrtomc, but the vol- 
umes were small in comparison to the volumes of distri- 
bution, being about 1 per cent m the single injecfaon pro- 
cedure. In the constant mfusion methods the rate of 
administration ivas 1 07 ml per mmute, so that m 3 hours 
the total volume given was of the order of 2 to 3 per 
cent of the volume of distribution Meanwhile renal 
excretion and metabolism of the solutes (except for so- 
um chloride) kept pace with the infusion rate in tlie 
ises studied by the infusion/slope method. Further- 
ore, the procedure was the same in all experiments ex- 
;pt that solutions were sometimes given in 09 per cent 
lime and sometimes in S per cent de.xtrose. 

For chemical analyses, two samples of the infusion 
ilution were diluted (1 1,000 for thiosulfate and 
2 000 for sucrose) , urine samples were suitably di- 
ited (usually 1 500 or 1 1,000) and scrum samples 
ere prepared by precipitating tlie proteins For thio 
ilfate the serum was diluted 5 times in the protein pre- 
pitation b) tungstic acid and for sucrose it was di- 
ited 10 or 20 times m precipitating the protems by rmc 
jdroxide. All samples were analyzed in duplicate or 
uadruphcate. Thiosulfate was measured by the iodine 
trabon method of Brun (4) and sucrose by the resorci- 
o! method of Roe, Epstein, and Goldstein (5), using a 
eckman DU spectrophotometer Blood, urine, water 
nd reagent blanks were analjzed with all measurements 


When sucrose mfusions were given m 5 per cent dex- 
trose, an ahquot of the onginal dextrose solution was 
diluted 1 2,000, as was the infusion solution. These dex- 
trose blanks were earned through the sucrose analyses 
and their optical densities were substracted from the op- 
tical densities of the infusion samples This correction 
factor averaged about 4 per cent of the readings of the 
infusion samples 

RESULTS 

Experimental alteration of the renal clearance rate 

The first expenments with the single injection 
method were designed to find what effect changing 
the slope of the exponential disappearance rate of 
serum thiosulfate would have upon Po and, there- 
fore, upon the calculated volume of thiosulfate 
distnbution The slope of the exponential curve 
was changed in two ways (o) by pre-medication 
with cannamide, which partially blocks the renal 
tubular excretion of tliiosulfate (6), and (b) by 
intravenous theophylline ethylenediamine, which 
increases the glomerular filtration rate (7) and 
therefore the renal excretion rate of thiosulfate 
More than half of the expenments could not be 
used because of the irregular effect of the drugs 
over the lOO-minute penod following the infusion 
of the thiosulfate (This irregularity is reflected 
m a non-linear plot of the loganfhms of the de- 
creasing serum thiosulfate concentrations against 
time Cardozo and Edelman wrote that such 
cases can not be used, for obvious reasons) By 
trial and error the best dose of cannamide was 
found to be 4 gm giv'en at 6 00 A M and 2 gm 
given at 9 00 A M , with the thiosulfate infusion 
given at 10 00 A M In the theophylline ethyl- 
enediamine expenments, 025 gm of the drug was 
given intravenously about 10 minutes before the 
thiosulfate infusion and this was followed with a 
continuous infusion of another 0 25 gm in 250 


TABLE I 


xpertmcntal atleralion oj the clearance rate of serum thiosulfate by cannamide or theophylline, showing the times at which 
the experimental curves intersect with the curves found without medication ana the Percentage difference 
in calculated thiosulfate space resulting from the change in extrapolated P 


Experiment 

la 

lb 

2 

3 

4 

5 

6 

7 

8 

9 

Minutes after zero time at which curves 
cross 

29 

30 

2 

No 

18 

21 

27 

29 

16 

36 

Percentage difference in thiosulfate space 
resulung from changed excretion rate 

10 

24 

7 

7 

19 

18 

11 

13 

17 

30 
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ml of 5 per cent dextrose over the lOO'inmute pe- 
nod of the test 

Nme successful experiments v/erc done in fast 
ing women selected with speaal care as to “nor- 
mahty ” In all cases the thiosulfate was given in 
5 per cent dextrose. The order in which the ex- 
penments were done was vaned from case to case 
and the tests were done on successive days in any 
one patient All exponential disappearance curves 
for serum thiosulfate were fitted by the method of 
least squares to ensure objectivity If the single 
mjection method is valid the disappearance curves 
should intersect at eero time, that is ?<, should 
be constant because the amount of thiosulfate 
given u'as constant and the potential volume of dis 
tribution should not vary much from test to test 
(see Discussion) 

Table I shows that the disappearance curves 
did not intersect at zero time in one case the 
lines did not cross at ah and in the majority of 
cases the intersections occurred at 20 to 30 mm 
utes after zero time. The cxpenmental altera 
tion of the renal clearance rate of thiosulfate 
changed the calculated volume of distribution in 
every case the diange being from 7 to 30 per 
cent One of the experiments is shown m Figure 
1, where tlie bnes cross at 29 and 30 mmutes In 
this particular case, the thiosulfate space calcu 
latcd from P, with cannamidc is 138 per cent of 
that calculated from P. wth theophylline ethyl 



Fio. 1 The Elmer or Attaiivc the Rswal Ex 
oETtoK or TniosULjATx Upox ruK Valoe or Extea 
rOLATEO P 

A = pre-medicatkm v.-ith theorhylUtte rthylenetCatnfDe 
Bs=bMai measumnent with no medication, C = pre- 
medicabon cannamidc. Note that P U a function of 
the clearance rate of tenim thloiulfatc. 


cnediamine, the calculated volumes were 11,7 and 
85 liters, respectively This is the only expen- 
ment, In more than 20, m nluch three good disap- 
pearance curves were obtained. In the other 
eight cases reported there ivere tw o good cun es 
but the third with either cannamidc or theophyl 
Ime ethylenediaraine departed from hneanty on 
the scmilog plot Of the eight, five compare airvci 
with no medication to curves vath cannamidc and 
three compare curves with no medication to those 
with theophylline cthylenediamme. 

It would appear that the value for Po Is a func 
tion of the clearance rate of thiosulfate Expert 
mental alteration of the renal clearance rate 
changes P® and results in changes m a predictable 
direction of the calculated volume of thiosulfate 
distribution Decreasing the slope of the curve 
increases the calculated volume of distribution 
while increasing the slope of tlie curve decreases 
the calculated volume. 

Comj>anJcm of Ihwsvlfatc spaces measured by ihc 
inf^mon/slopc meihoi to those calculated from 
the Jingle tn)Cctton method 

The single injection method was compared 
with the infusion/slope method m six fasting pa- 
tients with alternation of the method first appbed 
In any one patient the tests were done on succes- 
sive days All solutions were giien m OS per 
cent salme. 

The pairs of measurements did not check. In 
five of the six cases the volume of distribution 
for thiosulfate was considerably greater as meas- 
ured by the mfusion/slope method than ns csti 
mated from the single injection method The re 
suits in Table 11 show that the average discrqi- 
ancy was 30 per cent and ranged from 0 to 53 per 
cent 

C(?m/>artJon of the thiojulfate space as estimated 
by the single in;ec/i£m method to the volume oj 
sucrose distribution 

In 18 patients the sucrose space was measured 
by the calibrated infusion method and immediately 
thereafter a smgle injection of sodium thiosulfate 
was given for the estimation of the volume of 
thiosulfate distnbution. No experiment is m 
eluded unless cquilibnum of sucrose was estab- 
lished (that 13 essentially constant volumes of 
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TABLE n 


Comparison of measurements of (he thiosulfate space by the methods of Cardozo and Edelman and of Schwartz and 
of the slopes of the scrum thiosulfate disappearance curves in the two methods 


Case 

1 

2 

3 

4 

s 

6 

Mean 

Body waght, Kz 

55 0 

65 0 

69 1 

63 7 

56 8 

50 9 


Thiosulfate space 

Cardozo and Edelman 

98 

78 

79 

82 

88 

10 6 

8 85 

Schwartz 

12 0 

119 

11 5 

11 5 

116 

10 6 

11 SO 

Rabo, Schwartz to Cardozo and 

Edelman methods 

I 22 

153 

1 46 

140 

1 32 

1 00 

1 30 

Rabo, disappearance curve slopes, 
Cardozo and Edelman to Schwartz 
methods 

1 60 

196 

2 14 

1 86 

1 67 

1 87 

1 85 


distribution in successive penods) In all but two 
cases the solutions were given in 5 per cent dex- 
trose The calculations from the data for the 
single injection method gave apparent volumes of 
distnhution for thiosulfate that averaged about 
35 per cent less than the sucrose space, as also 
was found by Ikkos (8) The apparent volume of 
thiosulfate distnbution, as calculated by the single 
injection method, bore no constant relationship to 
the volume of distribution of sucrose, as the scat- 
■ uig of points in Figure 2 shows Of course, 
ucrose may not measure the extracellular fluid 
volume but under the conditions of the expenments 
a steady state had been attained and a reproduable 
space had been measured (This often was not 



Fig 2. Coitparisos or the Thiosiu-eate Space, as 
Calculated b\ the Cardozo and Edelmae Single In- 
jection ilETHOD, TO THE SuCROSE SPACE ^IeASHEED AL- 
MOST SlMULTANEOUSLT 

The solid line is the line of identity and the broken 
lines represent plus and minus 10 per cent. 



Fig 3 Comparison of the Thiosulfate Space, as 
Measured bi the Schwartz Infusion/Slope Method, 
TO THE Sucrose Space Measured Simultaneously 
The soUd line is the hne of idenUtj and the broken 
lines represent plus and minus 10 per cent 

true m Ikkos’ expenments, for in about 80 per 
cent of his cases the apparent volume of sucrose 
distnbubon increased steadily with time Arbi- 
tranly, he took the apparent volume of distnbu- 
tion at 150 imnutes for companson with apparent 
volumes of thiosulfate distnbubon ) 

Comparison of the thiosulfate space measured by 
the tnfusion/slope method with the volume of 
distribution of sucrose 

Measurements of the volume of distnbubon of 
thiosulfate, made with the infusion/slope method, 
were compared with simultaneous measurements 
of the volume of sucrose distnbubon in 14 pabents 
In nme of these the volume of sucrose distnbubon 
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TABLE m 

Qympcnson oj thioxulfaU and sucrvje spaca mtasvred stmnUantouzIy by the tvftmcn/slcpt mahod cf Sebtearlt 


Cue} 

1 

2 

3 

4 

5 

& 

7 

1 

9 

10 

u 

12 

13 

14 

Sucrose space, 1 

10 4 

13 7 


10 9 

10 6 

12.S 

10^ 

lOJ 

13 8 

12J 

10 9 

9J 

12.4 

98 

Thiosulfate space, I 

10 5 

1^3 

94 

10^ 

its 

111 

116 

89 

11.5 

151 

86 

lU 

94 

15 1 

Percentage deviation 
of thioi^ate space 
from sucrose space 

1 

4 

S 

6 

B 

11 

14 

15 

16 

21 

21 

23 

24 

54 


VTBS measured both by the itiCusiou/slope method 
and by the calibrated infusion method, m the 
other five one or the other of the methods was 
used 

Figure 3 shows that there was no consistent 
relationship between the thiosulfate and sucrose 
volumes of distnbution although the average dif 
ference was l cry small Relative to the volume of 
sucrose distribution the thiosulfate space varied 
from plus 54 to rmnus 24 per cent as shown in 
Table III While the average ratio is close to 
1 0 the wide scatter of the pomts in Figure 3 in- 
dicates that this may be fortuitous 

Coiufiamon cf trcluntcr cf sucrcsa dutnbtiluin 
incamrcd t»nullancously by the tnjuftcm/thpe 
and calibrated tnjimon methods 

Inasmuch as the calculations of the volume of 
thiosulfate diatnbutian did not agree when the 



Fia 4 CoMPAJusow or Simoltakeoui Meaiubi 
inam or rnt Sucrose Space MAtyt by tub ScnwAArt 
IimJSiov/SLon: Mrrnoo akd by me Deave, ScH*nm», 
AKo RoBtJcnov Caubsated limisioK (IV Minus W) 
Xirrnon 

The *ohd line represents identity aod the braVen lines 
plus tad ininof 10 per cent 


Single injection and the mfusion/slope methods 
were applied successively m mdindual patients 
It is of interest to compare the infusion/slope 
method to some other procedure Therefore si 
multaneous measurements of the volume of su 
crosc distribution ViXtc made by the mfusion/slope 
and the calibrated infusion methods Here the 
sucrose was given in 0^ per cent saline and tlie 
priming dose of sucrose was added m the IV’ 
factor of the IV minus UV formula of the cab 
brated infusion method* 

As Figure 4 shmvs these methods, quite dif 
ferent m pnnaple, gave very similar volumes for 
the sucrose distnbution AU but 1 of the 10 pairs 
of tneasurtments checked within 10 per cent 
The pomts shoira m the graph are symmetncall} 
distnbuted about the line of identity and the aver- 
age difference between the simultaneous mcas 
urements is icro Here the average ratio of 1 0 
may not be fortuitous for m contrast to the com 
panson of volumes of thiosulfate and sucrose 
distnbution the pairs of measurements check 
closely 

DISCUSSION 

The apparent advantage of the single mjcction 
method bes in its circumvention of the constant 
infusion and unne collections However its theo- 
retic bases do not seem sound Thiosulfate is 
kooivn to enter the red blood cells (1) and if it 
enters these cells it may enter others Gilman 
Philips and Koelle (9) found that m dogs about 
one-fourth of the injected thiosulfate cannot be 
recovered and thej concluded on good evidence, 
that most of the irretneiTible fraction disappeared 
during and just after the infusion The incora 
pletc reco\cr> was confirmed for man, by Cardoxo 
and Edelman This together with the odor of 
the unne after thiosulfate injection suggest that 
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thiosulfate is metabolized m the body Inasmuch 
as It IS relatively stable m blood, vi vitro, such 
metabolism probably occurs m cells 

The extrapolation of the decremental curve back 
to zero time implies questionable assumptions 
One assumption is that thiosulfate disappears at 
the same exponential rate from the beginning of 
the infusion to the end of the blood collections 
(100 minutes) The assumed starting point for 
this exponential decrement in plasma concentra- 
tion is based not upon the amount already in- 
jected at zero time, but upon tlie total amount to 
be injected over the next 10 or more minutes 
This does not seem reasonable Also, even when 
such injections are given within seconds, the 
early portion of the decremental cun'e is not ade- 
quately descnbed by the course of the exponential 
limb, as shown by Sheppard, Oierman, Wilde, 
and Sangren (10) and by Sapirstein, Buckley, and 
Ogden (11) Another assumption is shoivn 
graphically in the first figure in the paper bj 
Cardozo and Edelman The early portion of the 
decremental curve lies above the extrapolated ex- 
ponential limb (as m all such cases) , Cardozo 
and Edelman factor this early portion of the curve 
into two straight (exponential) hnes by the stand- 
ard procedure of subtracting the extrapolated limb 
from the observ'ed points From this they draw 
the conclusion that two processes are going on in 
the early minutes (a) equihbration of the thiosul- 
fate throughout plasma and interstitial fluid, and 
(t) clearance of thiosulfate at a uniform exponen- 
tial rate, by renal excretion and metabohsm How- 
ever, the rapid component of the decremental 
curve, in man, maj represent the immediate loss 
of thiosulfate, whicli Gilman, Philips, and Koelle 
found m dogs If the steep airve represents 
equilibration of thiosulfate throughout all of ex- 
tracellular water, as Cardozo and Edelman sug- 
gest, the distribution must occur with almost in- 
credible rapidit) — within 10 minutes, as they say 
In view of the time (30 to 120 minutes) required 
for sucrose to attain its maximum volume of dis- 
tribution in normal subjects, it does not seem 
likely that thiosulfate would become evenly dis- 
tnbuted in so short a time The diffusion coeffi- 
aents can not be speafied exactly because of con- 
centration effects Cardozo and Edelman ated 
0 6S cm - per day for thiosulfate and Raisz, Young, 
and Stinson (12) ated 0 55 cm® per day for su- 



Fig 5 Comparative Rates of Clearance of Serum 
Thiosulfate in the Schwartz Infusion/Slope 
Method (S) and Cardozo and Edelman Single In- 
jection Method (C) 

The constant infusion of the Schwartz method had 
gone on for 2 hours before the beginning of the time 
shown in the graph, allowing time for the establish- 
ment of a steady state. "Infusion C" refers to tlie pe- 
riod of infusion m the Cardozo and Eldelman method. 

crose , the source in both cases is the International 
Cntical Tables 

One observation is consistent tvith the interpre- 
tation that the steep component may represent im- 
mediate loss of thiosulfate Figure 5 and the last 
hne in Table II show that the slope of the serum 
thiosulfate disappearance curve was nearly twice 
as great in the single injection procedure as in the 
mfusion/slope method This suggests that the 
prolonged infusion of the latter method may have 
"saturated” some space not so “saturated” in the 
much shorter penod of the single injection pro- 
cedure, where thiosulfate may still be leaving the 
blood stream by diffusion into extravascular fluid 
throughout the whole course of observation 
Possibly this “saturation” occumng in the pro- 
longed penod of constant infusion represents the 
attainment of concentration equilibrium between 
plasma and extravascular fluid available to thio- 
sulfate There are other possible factors m the 
slower rate of clearance from the plasma, after 
prolonged infusion One might be increased feed- 
back from extravascular sources , this, again, 
would suggest that m the single injection method 
the extravascular sources had not been brought 
mto equihbnum with plasma water Another 
possibilitj is that the rate of metabolism of thio- 
sulfate slows dow'n after prolonged infusion 

If a large proportion of the injected thiosulfate 
does disappear quickly, in man, then obviously the 
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dividend in the equation for the single injection 
method is too great and of lUelf should give cal 
culated volumes of distribution that arc too large 
However the volume calculated from this equa 
tion averages 30 per cent less than the measure- 
ments of the thiosulfate space b> the infusion/ 
slope method This suggests that the divisor 
(Po) in the equation for tlie single injection 
method is too large and in even greater error than 
IS the dividend This could result from the failure 
of thiosulfate to diffuse into and attain eqiuhbnum 
in Its potential total volume of distribution mthm 
the short penod of time encompassed m the test 
Thus at least two vanable and partially compen 
satory errors fortuitously result m calculations of 
an apparent thiosulfate space that often falls \nthm 
the range desenbed as normal for the volume of 
distnbution of mulm 

The experimental alteration of the renal clear 
ance of thiosulfate changes Pt, and therefore the 
apparent volume of thiosulfate distribution os cal 
culated m the single injection method Since this 
work was completed Peterson OToole and 
Kirkendall (13) have reported marked vanations 
in the sucrose space of man dunng a 24-hour pe 
nod. Inasmuch as the present expenments m 
^hich the renal clearance rate of thiosulfate was 
varied, were done on successne days the assump- 
tion that the space should be nearly constant from 
day to day may be in error In the three patients 
studied m regard to such rcproduability there 
was less than S per cent I’anation m the calculated 
volume of the thiosulfate distnbution from day to 
day No more cases were studied because of the 
relative constancy reported for repeated cstima 
bons by Cardozo and Edelman (1), Ikkos (8), 
Raisz Young and Stinson (12) Becker and 
Joseph (14) and others The reproduability 
seems to be wnthm the limits of analytic error 
Even if It were not clianging the renal clearance 
rate of thiosulfate has invariably changed the cal 
culated volume of distnbution m a predictable 
direction 

SUMUAfiY 

Experimental alteration of the renal excretion 
rate of thiosulfate, by pre medication mth canna 
mide or theophylline cth> lencdiammc, changed 
8ignificantl> the AXiIumc of thiosulfate distnbution 
as calculated by the single injection method. 


The volume of thiosulfate distribution as meas- 
ured by the mfusion/slope method averaged 30 
per cent greater than the space calculated by the 
single injection method. 

The thiosulfate space measured by the infu 
sion/slope method or calculated by the single m 
jcction method, bore no constant relation to the 
volume of sucrose distnbution 
Simultaneous measurements of the sucrose space 
by the mfusion/slope and by the cahbrated Infu 
mod methods gave consistent results 
The failure of the single injection method to 
give thiosulfate spaces even approximatmg those 
measured by the infusion/slopc method strongly 
suggests that the single mjection method does not 
measure the volume of thiosulfate distnbution 
It IS concluded that the single injection method 
IS not sound theoretically and that apparent vol 
umes of distribution calculated from Pp have no 
significance os spaces They only fortuitously 
come close to volumes measured by sucrose or 
mulm because of multiple vanable and partially 
compensatory errors 
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TABLE I 


Physical status of dogs with chrome aorttc-caval fistulas 


Dog 

No. 

tVdsW (Kt 1 

FUtula 

duration 

{days) 

Remarks 

Before 

After 

1 

13 1 

12 6 

37 

No edema, asates or evidence of arculatoiy stress 

2 

12 6 

13 0 

30 

Hind leg edema No ascites or evidence of congestive heart failure 

3 

15 5 

21 4 

55 

Much edema of all extremities and asates, tissue loss 

4 

11 8 

112 

49 

Slight asates and leg swelling 

5 

12 3 

11 1 

23 

No asates, edema or evidence of arculatory stress 

6 

10 0 

13 8 

40 

Stormy history wnth marked asates, edema of all e.\tremities 

7 

17 3 

15 4 

385 

Mild asates and edema of front and hind extremities 



17 8 

425 

Marked ascites and edema of all legs wath considerable recent w eight gain 

8 

17 3 

16 8 

69 

No asates, slight edema 

9 

13 6 

21 8 

69 

Considerable asates and edema of front and hind legs Pulmonary 





edema at death on 153rd day 

10 

14 6 

14 1 

70 

Considerable edema of all legs 

11 

18 2 

17 2 

70 

Pulmonary edema 

12 

17 3 

20 9 

150 

Marked asates, penpheral edema 


was accomplished by premedicabon wth 3 mgm per Kg 
of morphme sulfate, followed by 025 cc, per Kg of a 1 1 
mixture of Dial urethane and pentobarbital. Arterial 
oxygen saturation was maintained by a demand valve ap- 
paratus connected to an oxygen tank , phasic intrapleural 
pressure was recorded with an optical segment capsule 
connected to a trocar in the left mtrapleural space near 
the heart, and these pressures were used to correct the 
simultaneously recorded left ventricular end-diastohc 
pressure. Procame amide (200 mgm. m SO cc. sahne) 
ivas given to abolish smus arrhythmia m some of the 
animals (noted m Table II) The methods used to ana- 
lyze the data were as follons 1) Stroke volume index 


m cc. per M* (stroke volume/surface area M’) , 2) stroke 
work index in gm M per IvP (stroke volume index X 
(mean artenal pressure — left \entncular end-diastolic 
pressure) X 13 6) , 3) cardiac work index in gm M per 
M* per nun. (cardiac mdex X (mean artenal pressure — 
left ventncular end diastolic pressure) X 13 6) , and 4) 
total penpheral resistance (mean artenal pressure X 100/ 
cardiac output m cc.) 

After control observations of cardiac output and pres 
sures had been completed, either 0 045 or 0 025 mgm. per 
Kg of Lanatoside C ivas given mtravenously as a single 
dose and at the end of 30 to 60 minutes the observations 
were repeated. The larger amount of the drug is at 


TABLE II 


Effect of Lanatoside C tn dogs with aorltc-caval fistulas t 


Dos 

No 

L.V E D P 

C.I 


CWI 

SVI 

SWI 

M.A.P 

TPR 

H R. 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

1 

32 

35 

65 

68 

4,150 

6,080 

62 

60 

40 

54 

79 

101 

2 1 

2 5 

104 

113 

2 

15 

12 

43 

47 

3,390 

5,000 

59 

55 

45 

59 

71 

90 

28 

3 3 

74 

85 

3 

19 

17 

43 

5 1 

4,250 

5,960 

34 

39 

33 

45 

91 

103 

2 7 

26 

129 

132 

4 

22 

26 

8 1 

72 

6,640 

6,250 

66 

68 

54 

59 

82 

90 

1 8 

22 

122 

106 

5 

19 

13 

10 5 

79 

8,430 

7,070 

69 

53 

55 

47 

78 

79 

14 

1 9 

152 

150 

6 

37 

37 

96 

88 

2,814 

3,638 

58 

56 

17 

24 

58 

67 

10 

1 3 

167 

157 

7 

26 

22 

110 

76 

10,580 

9,040 

76 

77 

73 

91 

97 

109 

1 4 

22 

145 

99 

7' 

29 

30 

67 

6 1 

6,710 

7,503 

69 

63 

69 

77 

103 

120 

22 

27 

97 

97 

8 

13 

15 

10 1 

96 

15,444 

13,474 

94 

90 

143 

124 

125 

117 

1 8 

1 8 

108 

108 

9* 

28 

26 

7 6 

7 7 

5,374 

6,180 

55 

59 

40 

48 

80 

85 

1 3 

09 

138 

130 

10* 

14 

14 

69 

58 

6,832 

4,318 

86 

71 

86 

54 

87 

70 

20 

3 1 

80 

80 

11* 

28 

29 

67 

65 

6,370 

6,365 

39 

44 

38 

42 

98 

102 

1 7 

2 2 

170 

150 

12 

26 

17 

69 

83 

5,161 

5,983 

50 

69 

37 

49 

81 

70 

14 

1 0 

138 

120 

Aver 

24 

23 

76 

7 1 

6,620 

6,682 

63 

62 

56 

60 

87 

93 

1 8 

21 

125 

117 


t Measured and calculated parameters before (B) and 30 to 60 minutes after (A) the injection of Lanatoside C 
Left I’entncular end-diastohc pressure mm Hg (L V E D P ) cardiac index (Cl), cardiac work index (C W I ) , stroke 
s-olume index (S V I ) stroke work index (S W I ) mean artenal pressure, mm Hg (M.A P ) , total penpheral resistance 
(T P R ) , and heart rate (HR) The data under 7 and T were obtained from the same animal on the 38Sth and 42Sth 
post-operam e day The asterisk indicates those dogs receiving 0 025 mgm per K^ of Lanatoside C , all others received 
0 M5 mgm. per Animals 1 to 7 were studied under Dial-urethane pentobarbital anesthesia and received procaine- 
amide to abolish sinus arrhythmia Animals 8 to 12 were trained and determinations were made using local procaine 
(1 per cent) subcutaneously at the site of needle puncture. 
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TABLE ni 


Effect of mctTiinanct dipialtsothn ta dfip milt a^c-ccoa} fistnlas * 


Dot 

No. 

Udthi 

(X/) 

tsVEJlP 

cx 

C.WJ 

S.VJ 

S.WU 

MJLP 

TJJt 

lUL 

B 

A 

B 

A 

B 

A 

B A 

B A 

B A 

B 

A 

B 

A 

fi 

A 

8 

168 

168 

13 

4 

in I 

67 

15444 7 470 

94 61 

145 68 

125 

86 

18 

1 8 

108 

110 

S> 

21 8 

105 

29 

21 

76 

V 1 

5 374 8 015 

55 44 

40 50 

80 

104 

13 

1 R 

138 

160 

10 

14 1 

13 6 

U 

9 

69 

45 

6 832 4 957 

86 4S 

86 49 

87 

89 

20 

3..5 

80 

100 

11 

17 2 

172 

28 

32 

67 

63 

6,370 4 660 

39 «5 

38 34 

98 

86 

1 7 

t 9 

170 

140 

12 

20 9 

20 9 

26 

33 

69 

79 

5161 3 700 

50 66 

37 31 

80 

68 

14 

09 

138 

120 

Aver 

182 

17 6 

22 

20 

7<S 

65 

7 836 5 760 

65 52 

69 46 

94 

87 

1.6 

20 

127 

126 


•Animals 8, 9 10 and 11 maintained on Dimtown for four da^ after InitUl digitallratlon with Lanatosfde C 
studies made betore and on fourth day after dlgitaUtation. Ammal 12 studied before and one day after d/ptalieatioo 
Abbrevlationa as In Table II 


least 30 per cent of the lethal dote reported Cor some 
other cardiac glycosides (4) and is about twice the dose 
used per kflogram of body Vi-cight In the studies by Stead, 
Warren, and Brannon (5) on human subjects In con 
gestive heart failure. This amount of tlie drug ts an 
effecthc dose, as indicated by the work of ti and Van 
Dyke (6) In one unanestheliied animal the ofaserva 
tioni were repeated the next day and m four others, they 
•were repeated after four days of dJgitaUxation. The 
four aniinali reewTed daily naintenanct doses of dJgi 
toxin, administered rntnunuscntarly in amounts eqmva 
lent to one tenth of the ongtnal digitalizing dose of 
Lanatosde C (Table UI) 

RESULTS 

In the group of dogs with fistulas hemody 
namic studies were made 23 to 425 days after cre 
atiou of the aortic-caval fistub The condition of 
the dogs and their hemodynamic status varied 
considerably (Table I) Some gained a con- 
siderable amount of weight with asates and edema 
of all extremities while others gave no external 
evidence of circulatory stress or insuffiaency 
Table H presents the data obtained m the group 
with fistulas both ancsthetired (1-7) and un- 
ancflthctired (8-12) before and 30 to 60 minutes 
after the intravenous administration of Lanatosidc 
C It can be seen that before digitahiation the 
average work load of these hearts was quite high 
The left ventndc maintained an average cardiac 
index of 7jS liter* per minute, a cardiac work in- 
dex of 6,620 gm meters and a stroke volume in 
dex of 63 cc The carobd pulse pressure averaged 
60 mm Hg (data not shown) despite a heart rate 
of 125 per minute and a high left ventricular end 
diastolic pressure of 24 mm, Hg In some dogs 
previous measurement* indicated that the extent 


of cardiac work response, after rcachmg a high 
level, was mamtained In others maximum car 
diac perfonnance had been passed at the time of 
these studies For example in dog 7 after induc- 
tion of the fistula the cardiac index dropped from 
11 liters on the 335th day to 67 liters on the 
425th day During the interim the dog de\'eIopcd 
massive edema of the extremities, asdtes dj-spnea 
and mcrcascd body weight 

Although following digitabzabon the dogs with 
fistulas varied somewhat m their response the 
average changes show a slight decrease m the 
cardiac index cardiac work index and heart rate, 
with slight increases in mean artcnal pressure and 
total penpheral resistance. The cjffect of the 
Ijanatoside C in these animals does not correlate 
with the loads under which the heart was work 
mg or with the height of the cnd-diastolic pres 
sure m the left ventnde. For example, following 
Lanatosidc C the cardiac work mdex of dog 2 
increased even though the cardiac work index was 
imtially only 3,390 gm.M per M* per min mth a 
left ventricular cnd-diastolic pressure of 15 mm 
Hg while m dog 7 the cardiac lAork index fell 
after the drug even though this dog had a high 
cardiac work level (10 580 gm M per M‘ per nun ) 
and a high left ventricular end-diastolic pressure 
(26 mm. Hg) The effect of the drug on these 
dogs appears independent of the hemodynamic 
state of the arculabon or of the work load on the 
heart. 

Table III presents the data from five dogs wth 
fistulas that were maintained on digitoxin from 1 
to 4 days after inlbal digitahzabon with Lanatosidc 
C Their hemodynamic status was not unproved 
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TABLE IV 

Effect oj Lanatotide C in normal dogs * 


Doe 

No 

LVEJIP 

Cl 

C.WI 

SVI 

SWI 

MjVP 

tpr. 

HR. 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

1 

9 

9 

1 8 

1 6 

1,870 

2,000 

36 

34 

36 

44 

86 

103 

80 

110 

49 

46 

2 

8 

8 

19 

24 

2,500 

3,890 

29 

29 

37 

47 

103 

128 

93 

93 

68 

83 

3 

17 

11 

29 

2 1 

3,290 

2,370 

52 

48 

59 

55 

100 

95 

64 

86 

56 

43 

4 

7 

5 

17 

14 

1,735 

1,440 

29 

27 

29 

27 

81 

79 

92 

10 9 

59 

53 

5 

12 

12 

30 

28 

3,080 

3,890 

40 

48 

42 

65 

88 

114 

51 

70 

74 

59 

6 

15 

12 

2 6 

20 

2,370 

1,970 

26 

24 

24 

24 

83 

86 

62 

84 

101 

81 

7a 

7 

7 

26 

24 

3,610 

2,860 

43 

45 

60 

S3 

109 

95 

82 

75 

60 

54 

b 


7 


24 

3,650 


40 


61 


119 


97 


60 

A-ver 

10 

9 

24 

2 1 

2,640 

2,760 

37 

37 

41 

47 

93 

102 

75 

90 

67 

60 


* Animals 1, 2, 3, 4, 5, and 6 anesthetized Animal 7 trained, unanesthetized , 7a and b data obtained 30 and 60 
minutes, respectivdy, after digitalization Abbreviations as in Table II 


Actually, four of the dogs showed a considerable 
reduction in cardiac work 

The influence of Lanatoside C upon the arcula- 
tion u'as assessed in seven dogs -without aortic- 
caval fistulas (Table IV) Six were anesthetized 
and one was trained and unanesthetized The data 
in Table IV indicate that the performance of the 
left ventncle -was not greatly altered by Lanatoside 
I The average changes following rapid digitali- 
ation are very similar to those seen in the animals 
nth fistulas A slight decrease in cardiac index 
ind heart rate -with an increase in mean artenal 
iressure and peripheral resistance was noted 

DISCUSSION 

The results of this study are in agreement ivith 
iremous reports in the literature which indicate 
hat m the normal heart digitalis, when effective, 
jenerally decreases cardiac output and heart rate 
ind increases mean artenal pressure (7, 8) 

In the ammals with fistulas it is difficult to be 
;ertam that heart failure u’as always present since 
he direct effects of the fistula would be to produce 
und-hmb edema, increase venous pressure, and 
lerhaps cause asates as well However, there 
vere other physical signs and physiological meas- 
irements which indicated that these ammals were 
it or beyond their maximum cardiac work level 
Some ammals developed edema of the fore-limbs 
IS u ell as the hind-limbs, and a number of the dogs 
hed of pulmonary edema uhich is highly indica- 
tive of cardiac failure under these arcumstances 
The maximum cardiac work lei els in these prepa- 
rations were similar to those obtained m normal 


dogs with massive infusion of blood or sahne (1) 
The left ventncular end-diastohc pressure iras 
consistently elevated in the fistula group, the low- 
est -value being 13 mm Hg wnth an average -value 
of 24 mm Hg , whereas, the corresponding -value 
for the normal ammals w'as 10 7 mm Hg Fur- 
thermore, the infusion of whole blood or saline into 
these anunals led to an additional large increase in 
left ventncular end-diastolic pressure, and an 
early dechne in cardiac work and output (1) 
This evidence indicates that these dogs w ere work- 
ing at or very near the limit of their cardiac per- 
formance 

Acute digitahzation ivith Lanatoside C failed 
to improve the cardiac work response in animals 
with aortic-ca-val fistulas The cardiac index did 
increase m four of the twelve dogs, but the in- 
crease was only minimal and one of the animals 
had shown a similar increase following digitaliza- 
tion before the aorbc-ca-val fistula had been con- 
structed Four of the animals were maintained 
on digitalis wnth no improvement, confirmatory 
evidence that digitahzation did not improve cardiac 
performance These data do not explain the lack 
of response to digitalis in these ammals, but they 
do indicate that there is an undefined difference 
between these animals and, for example, ammals 
-with cardiac failure produced by pulmonary ar- 
tery constnction (9) 

summary 

Dogs were prepared with a chrome aortic-caval 
fistula At the time of study, performance of the 
left ventncle -was charactenzed by a high level of 
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I 

I left vcntnculax cnd-diastolic pressure cardiac oirt 
I put, stroke volume and stroke work, and m most 
instances with one or more evidences indicative of 
cardiac failure such as pulmonary edema, edema 
of the extremities and asates After a penod 
var>ung from one to 14 months, the dogs were 
digitalised rapidly \vith T-anatoside C and the he- 
modynamic effects were observed dunng the next 
hour and m some ammals after four days of mam 
tenance dosage on digitoxm Measurements of 
vanous cardio-dynamic parameters mdicated that 
digitoxin did not alter measurably the cardiac 
performance, 
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Our attempts to gam information concerning 
the amount of electrolyte in cell irater and the 
theoretical concentration of intracellular cations 
necessarily revolve around our abihty to partition 
total body ivater into extracellular and intracellular 
phases The total body potassium, for example, 
IS confined almost exclusively to the intracellular 
phase, and if the intracellular volume of the body 
could be defined, the net intracellular potassium 
concentration could be readily calculated as 

Total body K — Extracellular K 
Intracellular fluid lolume 

The most rational interpretabon of extracellu- 
lar fluid volume would seem to be that defined 
onginally by Manery, Danielson, and Hastings 
(1), by Manery and Hastings (2) and later by 
Nichols, Nichols, Weil, and Wallace (3) These 
authors divide the extracellular fluid into the fol- 
lowing components the plasma irater, the inter- 
stitial u^ater, and the connective tissue irater The 
interstitial water is considered tliat lolume of fluid 
which rapidly eqmlibrates with substances such 
as inulin Connective tissue water is the volume 
of w'ater winch is pnnapally assoaated with col- 
lagen and elastin, and wnth which substances such 
as inulin equilibrate slowly The study of Nichols, 
Nichols, Weil, and Wallace (3) w'ould indicate 
that the sum of these three phases of the extra- 
cellular fluid IS defined reasonably well by the 
chlonde space if correction of the chlonde space 
IS made for intracellular chlonde, and for the 
shghtl} greater concentration of chlonde in con- 
nects e tissue water than is present in an ultra- 
filtrate of serum 

The major aim of the present studj is to test 
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further the validity of the chloride space, cor- 
rected for the factors desenbed above, ns a meas- 
ure of the extracellular volume by demonstrating 
an identity between it and the space calculated 
from the sodium content of extracellular fluid 
Extracellular fluid volume has been calculated 
from sodium by the expression (extracellular so- 
dium)/(Na),t where extracellular sodium is the 
difference between total body sodium and the so- 
dium which IS not in the extracellular fluid (i c , 
that in bone, cells, and w'lthin the lumen of the 
gastromtesbnal tract) and {Na)ef is the sodium 
concentrabon of the serum ultrafiltrate 

Values for total body chloride and sodium on 
which the calculabons depend have been obtained 
by carcass analysis of a large number of normal 
rats (4, 5) Values for bone sodium have been 
calculated from the Na/Ca rabo for bone and 
from total body calaum Values for cell sodium 
in muscle have been tahen from data in the litera- 
ture (6) calculated on the assumption that chloride 
m muscle occupies the same space as inulin and 
an exclusively extracellular posibon (7) Values 
for sodium in red cells were also calculated from 
the data of other invesbgators (8, 9) while those 
in visceral cells have been assessed by comparison 
of the volumes of distnbution of inubn and sodium 
m the viscera following a constant infusion of mu- 
hn accordmg to the techmque described by Cot- 
love (7) 

The good agreement between the sodium and 
chlonde spaces calculated by correcting the value 
for total body electrolyte in this manner lends 
credence to the vnew that a value closely approxi- 
mabng the true extracellular volume of tlie rat has 
been determined On this assumption the data 
obtained by carcass analysis have been used for 
further calculabon of the intracellular volume and 
the theorebcal concentrabons of electroljde within 
the cells 
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METHODS AND CALCULATIONS 

The anlraalf used in the rtudj were male Wistar rats 
of the Hamilton Farmi strain. For convenience and 
simpbaty a rat v.ith a fat free dry solid content of 50 
grams has been taken as a representative animal As 
fummg a normal body fat content, such an ammal would 
weigh approximately 220 grams. 

Total body electrolyte and teater The carcass elec 
trolyte and •ftater content of the hypothetical 220-gm. rat 
was determined from regression ecjuatians calcnlaied 
from data obtained by carcass analysis of 30 to 40 rats 
of normal health and vigor The weight range of the 
animals was from 70 to 410 gm. wnth the greatest nom 
ber fallmg around 220 grams (4 S) The animals had 
been under observation at least two weeks pnor to sacri 
fice and for ten days had been on a low residue diet of 
composition previously deaenbed (4) The regresnoas of 
total body electrolyte, water and nitrogen on fat free 
dry solid are given in Table L 

The methods of carcass analysis, with the cccepdon of 
that for potassium have been given previously (4 5) In 
previous studies potassimn was detenraned on an add 
extract of ashed carcass by flame photometry while hi 
the present study potasmun m tlie ash has also been de- 
termined with chloroplatmlc acid by the method of Con 
Solano and Talbott (10) modided to determine the salt 
K PtCh gravimetncany instead of by iodometnc titration. 
The method is to be published later m detail (11) The 
flame photometne method, employed on 47 animals 
yielded a regreision etruadoo with a lov.tr slope (0.283) 
a higher intercept (+03d) and a greater scatter of the 
data (standard error of the estimate, 1 08 mE<i ) than the 
graviraetnc procedure. For animals of a fat free dry 
•olid content of 50 gm. with which the present paper is 
cocccmed, the two equations gave almost Identical values. 
By the gravimetric procedure, carcass potassium would 
be 1438 mEq as compared with 1431 by flame phetometry 

EjlmahoH of bone sodium Bone sodium was cstmuted 
in five healthy roaJe rats of 210 to 230-gTn. waghL These 
animals were of the same stram and prepared m the 
same manner as those used for carcass analysis. After 
sacrifice and exsanguinabon, the carcass was dried at 


100 to 105 C as previously described. After drymg the 
larger bones could be easily removed by pulling away 
the dried tissues and cutting free adherent cartilage. The 
bones were broken mto small pieces, the fat extracted m 
a Soxhict apparatus and the pieces further titrated to 
fine particles m a mortar A portion of the particles 
were then ashed m a platinum crudble and the ash dis 
solved m 5 0 mL of weak H(n Separate aliquots were 
taken for calcium determination by p erma nganate titra 
tion and for sodium dctcrmmallon by the gravimetric 
method of ButJer and Tuthfll (12) A separate aliquot of 
the bone particles was subjected to alkaGne ashing and 
analyzed for chloride by the mlcrodiflusion technique. 
The methods are identical to those used for carcass and 
are described m greater detail m previous papers (4 5) 
The difficulties inherent In the flame photometric deter 
mmation of bone sodium through interference by cal 
aum (33) are obvuted by use of the gnivimctnc 
procedure. 

The sodium incorporated in bone salt was detenmned 
by subtracting from total bone sodium the amount of so- 
dium calculated as present in the chloride space of bone. 
The total bone salt sodium of the carcass was calculated 
as total bone salt sodium 

^ tbonesaltw^ium (mEq /lOOpn FFDS) 

" bonecaJdum {toEq /lOO gin. FFDS) 

X total body calaora (mEq ) 

Deterrm/uihon of total body eoUa{?en and of eonHoetnv 
tissue chhnde Determinations of carcass collagen were 
performed on nine rats weighing approximately 220 gm-, 
prepared before atnfice in the same manner as those used 
for carcass analysis. The method of collagen estimation 
was that of Spencer MorguHs, and Wilder (14) A 
bomogeneous aliquot of powdered, fat free, dry carcass 
was autoclaved to convert collagen to gelatin, the gela 
tin was extracted with hot water and finally precipitated 
with tannic add. 

The chloride concentration of connecti^c tissue w'ater 
was determined by analysis of the achlllei tendon of a 
normal rat and of a normal female mongrel dog After 
exposure of the tendon dissection was earned out rapidly 
and each piece remoN^ed was Immediately placed In a 


TABLE I 

Body compestium tn the normal rat (trt rasge 70 to 4J0 pvms) Rcfressions of total body electrolyte 
nilrezen end water on fat fret dry solid 




Studant Nomber \ alort for 

error of of SlO^fta nl 

rrtliBate raU (FFDS— SO rm) 


Na» (mEq ) - 0 193 FFDS -h 0 78 
Qi (mEq ) - 0 131 FFDS 4- 1 W 
Ki (mEq ) - 0323 FFDS - 1 77 
Mg, (mEq ) - 0 1014 FFDS + 0 594 
Ca, (mEq ) - 2.200 FFDS - 1 74 
P» (mM) - 0 849 FFDS + 0300 
N, (mms)-0l31 FFDS - 0 065 
HtOtTml ) - 2 725 FFDS + 13 19 

Average fat content 9 6% body wt. 
Range IS 3 to 3 3% 


d; 0 64 mEq 

36 

± 0 41 mEq 

35 

± 0 75 mEq 

29 

± 0 32 mEq 

32 

±1130 mEq 

35 

± 330 mM 

30 

± 0 200 gm. 

40 

± 3 70 ml 

36 


36 


10 43 mEq 
6 73 mEq 
1438 mEq 
3 66 mEq 
111 70 mEq 
42 73 mM 
6 4*5 gm 
149 40 ml 
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te tared stoppered -weighuig bottle to mimnuze 
ation of w-ater After weighing, the tendon was 
to constant weight at 100 to 105°C, reweighed, 
1 in a mortar and fat extracted. Analjses for 
le, collagen and total mtrogen were earned out as 
•cass (4, 5, 14) 

•rmxnaiion of extracellular sodium and chloride of 
I Using muhn as a reference substance, sodium 
ilonde were partitioned between extra and intra- 
r compartments m the lungs, trachea, esophagus, 
di, mtestines and testes by the method desenbed by 
e for muscle (7) The data were obtamea on 11 
ats whose weights ranged from 290 to 310 gm. 
aimals were placed on a low residue diet (4) four 
efore experimentation and fasted for 24 hours he- 
acnfice. Under ether anesthesia either a polj- 
le catheter or a 22 gauge needle ivas placed m a 
m for muhn mfusion and the ammal confined in 
paratus desenbed by Kellogg, Burack, and Issel- 
(15) Followmg pntrung with an amount of 
calculated as suffiaent to raise the plasma muhn 
tration to 300 mg per cent, an mfusion of muhn 
amtamed at a constant rate using an infusion ma- 
Both priming and maintenance solutions of mu- 
itamed 7 5 gm. of muhn and 0 64 gm of sodium 
le per 100 ml After 6 hours of mfusion m 7 am- 
nd after 24 hours in 4 ammals, ether anesthesia was 
apphed and the ammal exsanguinated by aortic 
re. The infusion was stopped at the moment of 
puncture. The lungs, gastrointestinal tract and 
were then quickly removed and placed m a tared 
and weighed. Forty milhhters of water were then 
and the tissues homogemzed m a micro Wanng 
r The homogenate wias placed m a boihng wa- 
th for 30 mmutes and then filtered. While m the 
bath, the tubes were covered with alummum foil 
jce evaporation Serum and filtrate were analyzed 
(hum by flame photometry and for mulm by the 
i of Schreiner (16) after prehminary hydrolysis 
ilkah as desenbed by Ross and Mokotoff (17) 
de in the tissue filtrate was determmed by the 
diffusion techmcpie of Conway (4, 18) and serum 
le bj the method of Van Sl>ke (19) In early 
ments the Iiier was analyzed separately, but the 
re not mcluded m the presentation because, after 
irs of mfusion, the muhn space was found to be 
than either the sodium or chlonde space, 
mold blanks were determmed on the serum and 
; of the visceral organs of 13 rats which received 
hn. These ammals had been on the same (het as 
penmental ammals for four days before saenfice 
sted for 24 hours before saenfice The muhnoid 
for serum after alkah hydrolysis w ere found to be 
ible and were ihsregarded. Blank values for the 
; of viscera ranged from 24 to 47 mg per cent 
serage value was 3 44 and the standard deration 
mg per cent Inulm concentrations m the viscera 
a of rats infused wnth mulm ranged from 254 to 
ig per cent wath an average value of 38 0 mg per 


cent Serum muhn levels averaged 290 vvitli a range 
from 209 to 428 mg per cent The total muhn and elec- 
trolyte content of the tissue was calculated as the prod- 
uct of viscera filtrate concentration times the volume of 
added water plus tissue water Tissue water was taken 
as 81 per cent of wet weight (20) 

The sochum and chlonde spaces in viscera were cor- 
rected for the quantities of scKhum or chloride present 
m the lumen of the gastrointestinal tract The amount 
of the correction was determmed by analysis of the lu- 
minal contents of five rats which had been on a low resi- 
due (het for four days and fasted for 24 hours before 
saenfice. No mfusion was given After anesthehzmg 
wnth ether, the lower end of the gastrointestinal tract 
was clamped, the gut dissected free and placed m a 
beaker A rubber catheter was then inserted m the 
car(ha of the stomach and 50 ml of 5 per cent glucose 
m water rapidly mjected so that the full length of the 
gut was (hstended. The clamp was then removed and 
the fluid gently pressed out through several inasions 
made m the gut wall The whole procedure retpiired 
only a few mmutes The volume of fluid was then 
measured and, after filtenng, analyzed for sexhum and 
chlonde. The volume of flmd recovered averaged 
496 mk 

Estimation of gastrointestinal fluid volume The values 
for total body water determined by carcass analysis were 
corrected for the water contamed within the gastromtesti- 
nal tract The volume of flmd withm the gut lumen was 
determmed m six rats weighing approximately 220 grams 
The animals were prepared m a manner identical to those 
subjected to carcass analysis, a low residue diet w’as fed 
for five days with free access to water They w ere then 
sacnficed after a four-hour fast at the same time of day 
as the animals used for carcass analysis The gastroin- 
testinal tract was (hssected free, placed on a board and 
opened longitudinally with scissors The gut surface 
was then gently swabbed with gauze which had been 
previously dned by heatmg at 100' C The gauze was 
immediately placed in a vveighmg bottle, covered and 
weighed The bottles were then uncovered, placed m 
an oven at 100° C for 24 hours and re-vveighed The 
water content of the gut m milhhters was taken as the 
weight difference of the gauze m grams 

Calculation of sodium, chlonde, and inulm spaces 
The volumes of distnbution of sodium and chlonde were 
calculated by divnhng the amount of the ion present by 
the concentration m a serum ultrafiltrate. To determme 
serum ultrafiltrate concentration, the serum concentra- 
tion was corrected for serum water and Donnan equi- 
libnum as follow 5 


and 


(Na).t--^X0 95 


(O)., 


(Cl).,, 1 
0 93 ^ 0 95 


m which (Na).f and (Q).t are the amounts of sodium 
and chlonde per liter of serum ultrafiltrate, (Na). and 
(D). the amounts per htcr of serum, and 095 the Don- 
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nan factor Strum water was taken os 930 mL per Dter 
of Strom and it represented by the factor 0^ 

Strum ultrafiltrate conccntratiofis of Inulm were calcu 
lated as (In)»/0i>3 where 0^13 Is again the strum water 
correction. 


RESULTS 

Calnilatwn of extracellular volume from extracel 
lular cfilonde 

The total body chlonde of a 220-grain rat and 
the corrections necessary for the eatunation o( that 
portion of total dilonde which Is in extracellular 
fluid and at a concentration equal to that m a sc- 
rum ultrafiltrate are given m Table 11 A descrip- 
tion of the calculation of these corrections follows, 
Correchon for connective tissue chlondc To 
correct total body chlonde for the chlonde in con 
nccUve tissue m excess of tliat predicted from the 
chlondc concentration of the serum ultrafiltrate, 
analyses of dog and rat tendon for w*atcr chlondc 
collagen and total mtrogen were earned out The 
data are given in Table III In both species the 
actual chlonde content of tendon ^vas 0 76 mEq 
per 100 gm of FFDS greater than would be pre- 
dicted from the tendon %vater content and the se 
rum ultrafiltrate chlonde concentration In terms 


CaUulailon of txiraeellular finld velumt from extrty- 
cellular chlondc in a Z2lhgram rat (50 gram FFDS) 
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TABLE m 

Chlonde and wkr conient <jf tendon tn dot ^ 
Calcalaiton td excess ^ chlonde in tendon 



TemlaB 

fKiJtOO 

t^iFFDS 


TcnSunCl 

pndlct*d 




(2) 

(Qw,* 

nEeJIOO 
tn fFOS 

a 

found 

nEsJlOO 

viuTFOS 

chloride 

tffuFFDS 

Doe 

128 

127 

1626 

1/ 02 

0 7(5 

Hat 

140 

m 

17 SO 

18J6 

0 76 


* (CI)*i “ Chloride concentration of senim ultrafiltrate 


of tendon water content tendon dilonde amounted 
to 133 mEq per L m the dog and 131 mEq per L. 
m the rat m both speaes the \*alue8 \s‘crc 6 mEq 
per L greater than the concentration of the scrum 
ultrafiltrate 

Taking the excess chlonde in connective tissue 
as 076 mEq per 100 gm of FFDS the excess 
chlonde assoaated with collagen in the whole rat 
may be calculated as 0J6/1CX1 X total bod> col 
lagen (grams) Total body collagen in nine rats 
of approximately 220 grams body w eight a-i craged 
115 ±048 (SD) grama The excess chlonde 
associated with connective tissnc then becomes 
0 10 mEq The calculation assumes that all body 
collagen has the same affinity for chlonde as docs 
achilles tendon No correction has been made for 
the fact that achilles tendon is not pure collagen 
by analysis only 91 per cent of the total mtrogen of 
the tendon could be accounted for as collagen 
mtrogen 

Erythrocyte chlonde Calculation of the intra 
cellular chlondc of erythrocytes was made from the 
data of Bernstein (8) which give the chlondc con 
centration of the rat red cell water and from the 
data of Wang and Hegsted (9) which define the 
blood volume and hematoent According to the 
latter authors the blood volume of a 220'gram 
rat closely approximates 7 per cent of the body 
weight and the hematoent averages 45 Red cell 
wratcr was taken as 72 grams per 100 ml and the 
diloride concentration of red cell water as 72 
mEq per (8) Using these values the chlo- 
nde intracellular in crythrcK^es may be caku 
bted as lfi6 mEq per Kg of body weight In 
a 220-gTam rat the \alue would be 0 41 mEq 

Chlonde intracellular in muscle and Iwer 
Based on the studies of Cotlovc (7) corapanng 
the distnTniUon volumes of muim and chlondc in 
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muscle after prolonged inulin infusion, the as- 
sumption has been made that chlonde is not pres- 
ent in muscle cells A similar assumption can- 
not be made for the hver In this organ the vol- 
ume of distnbution of chlonde exceeds that of 
sodium so that an intracellular position of chlo- 
nde must be presumed For lack of a better 
method, intracellular chlonde in hver has been cal- 
culated on the assumption that the true extracel- 
lular volume of this organ is measured by the vol- 
ume of distnbution of sodium In seven rats, the 
chlonde space of hver exceeded the sodium space 
by 0 5 to 0 95 ml corresponding to 0 066 to 0 120 
mEq of chlonde The average value in the 300- 
gram rat of 0 088 mEq of intracellular chlonde 
becomes 0 060 mEq for a 220-gram rat 

Chlonde withm the lumen of the gastrointestinal 
tract The chlonde m the "transcellular” fluid 
^Ylthln the gut was determined by flushing the in- 
testinal tract with isotonic glucose solution In 
five rats weighing approximately 300 grams, the 
chlonde recovered averaged 0 22 mEq and ranged 
from 0 14 to 0 28 mEq Corrected to a body 
IV eight of 220 grams, the average value becomes 
0 16 mEq Several sources of error in this de- 
termination should be mentioned Although the 
flushing procedure was earned out as rapidly as 
possible, the possibility cannot be excluded that 
some chlonde diffused from the extracellular fluid 


through gut mucosa or serosa or through the in- 
asions made in the gut wall Also, the data were 
for use pnmanlj m correcting the chlonde space 
of viscera and to compare this space with the in- 
ulm space, as wall be desenbed below Conse- 
quently the ammals were not prepared in exactly 
the same manner as tliose used for carcass analysis 
Food u'as withheld from those used for carcass 
analysis for only four hours while those used for 
the flushing procedure were starved for 24 hours 
Although both groups had been on tlie same low 
residue diet, the differences in food intake might 
have produced differences in intraluminal gut 
chlonde It seems possible that these two sources 
of error, the one tending to give a falsely high 
value and the other a value falsely low, could 
balance out 

Chloride in cells of viscera exclusive of hver, 
brain, spleen and kidneys Although chlonde has 
been desenbed as being intracellularly located in 
the pylorus, testes and lungs (2) the amounts 
present and their sigmficance have not been clearly 
defined The problem has been approached in the 
present study by determining the mulin, chlonde 
and sodium spaces of gut, lung and testes after 
prolonged infusion of inulin The data for these 
volumes are shown in Table IV In this table 
the chlonde and sodium spaces have been cor- 
rected for the amounts of these ions determined by 


TABLE nr 


Inuhn and corrected chloride and sodium spaces of viscera after 6 and Z4 hours of inulin infusion 


Rat 

no 

Wt- of 
vltfccra 

gm 

Innlia 

spact 

ml 

Inulin ffp 
Viscera wt. 

Corrected 

chloride 

space 

ml 

Corrected 

sodium 

space 

mJ 

Inulin 8p 

Cl space 

Inulin sp 

Na space 




After 6 hours of tnulin infusion 



2 

214 

5 35 

25 

8 55 

5 23 

0 626 

102 

3 

21 0 

6 88 

33 

6 21 

4 95 

1 11 

1 39 

4 

23 5 

7 23 

31 

7 43 

6 16 

0 974 

J 17 

7 

22 1 

6 89 

31 

8 62 

7 92 

080 

0 87 

10 

20 5 

6 56 

32 

8 33 

6 73 

0 788 

0 97 

11 

21 1 

5 42 

26 

6 57 

5 42 

8 826 

1 00 

12 

21 1 

6 26 

30 

7 43 

5 91 

0 842 

106 

Av’erages 


29 

7 59 

604 

0 852 

107 



After 24 hours of inulm infusion 



5 

22 6 

6 11 

27 

7 38 

6 89 

0 828 

0 89 

9 

19 8 

6 33 

32 

6 06 

5 78 

I 04 

1 10 

13 

23 7 

9 93 

42 

9 23 

6 30 

1 076 

157 

14 

25 7 

8 53 

33 

7 48 

684 

1 19 

125 

Averaces 


33 

7 54 

6 45 

1021 

1 20 

Averages (Both groups) 


7J7 

6 19 
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the flushing expenments (see above) to be present 
in the gut lumen* This correction amounted to 
022 mEq of chlondc and 043 niEq of sodium 
for the SOO-gram rats used* 

At the outset It should be emphasued that use 
of the inulin space measurement for determinmg 
the amounts of sodium and chlondc within the 
cells IS haiardous Although the measurement of 
mulm space by tissue analysis for muUn precludes 
errors m space measurement due to metabolism of 
muhn It does not preclude error resulting from 
sequestration of mulm by macrophages as re 
ccntly suggested by White and Rolf (21) These 
authors found that tissues nch in macrophages 
gave impossibly high mulm space values With this 
source of error m mind, the present data can prob- 
ably be mterpreted as reliably by simple companson 
of sodium and chlonde spaces as by resorting to 
mulm space measurement It can be seen that in 
every specimen the corrected chlonde space ex 
cecded the corrected sodium space the difference 
averaging 1 38 ml Assuming no sodium to be 
present in the cells and the sodium space to equal 
extracellular volume the greater chlonde space 
would represent chlonde within the cells The 
volume of 1.38 ml is equivalent to approximately 
0 17 mEq of chlonde or corrected to a 220‘gram 
rat, 0 12 mEq In agreement v.nth this mterpre 
tation IS the mulm space at 6 hours Inulm space 
at this time was in fair agreement with the sodium 
space but ivas smaller than the chlondc space by 
15 per cent Taking the mulm space at 6 hours 
as approximating extracellubr fluid volume, an 
mtraccllular chlonde content similar to that de- 
fined above would be calculated* By this mterpre 
tation the further expansion of the muUn space at 
24 hours to equably with the chlonde space and to 
33 per cent of the net weight of the tissue would 
be ascnT>ed to macrophage sequestration of inuUn 
Disregarding the possibility of macrophage 
sequestration and using only the 24-hour values 
the data could be altemati% ely interpreted as indl 
eating that at 24 hours complete penetration of 
extracellular fluid by inulm had occurred The 
identity of mulm and chlondc spaces at this time 
would then indicate no chlonde to be intracellular 
m viscera, a conclusion contrary to that of pre 
vious workers Since this interpretation docs not 
account for the smaller sodium space, the calcub 


tion based on the sodium space, mdicating that 

0 12 mEq of chlondc is present mtraccllubrly 
ra viscera, seems more reasonable* 

EftiiTWlion oj chlonde space As may be seen 
m Table 11 the chlonde which must be considered 
as outside the extracellubr fluid amounts in a 220- 
gram rat, to 0*85 mEq or 127“ per cent of body 
chlonde* Of this non-extracellubr chlondc, the 
greatest amounts are found in the red cells and 
in the transcellubr fluid in the lumen of the gastro- 
intestinal tract. Because of the technical diSi- 
culbes in assessing the position of chlonde in brain, 
splwn and kidneys these organs ha\'c not been 
included in the calcubbons Their onussion would 
appear to be of little consequence* In the rat the 
combined weight of these organs amounts to onl) 

1 5 per cent of body weight and from the data of 
Manery and Hastings (2) it can be cabubted 
that their chlondc content amounts to onl> 22 
per cent of total body chlonde. Thus even if a 
rebtivcly brge fraction of the chlondc of these 
organs were intracellubr it would constitute onl> 
a small fraction of the total body chlonde 

For the 220-gram rat the chlonde in extracel 
lular fluid amounts to 4.88 raEq (Table H) 
The value for scrum chlonde coDcentration used 
in caJcubtmg the chlonde space was determined 
by analysis of the sera of 37 normal rats The 
average was 109 5 mEq per L \nth a range from 
105^ to 113 6 Correcting the average value for 
serum water and for the Donnan factor gives a 
value of 124 mEq per L, for the serum ultrafil 
tratc concentration and a chlondc space of 47 4 ml 

Exiracellular space calndated jrom cxfraccUtilar 

sodium 

Extracellular sodium has been calcubted as a 
means of vcnfymg the accurac) of the extracdlu 
br volume predicted from the distnbution of 
chlondc. The calcubted amounts of sodium in 
cells and bone in a 220-gram rat arc shown m 
Table V and the calculations arc desenbed below 

Bone jodiimi In five rats weighing approxi 
matcly 220 grams the bone salt sodium calaum 
ratio was found to aternge 0 0200 with a range of 
00187 to 0 0205 (Table VI) Total bone cal 
aura m a 220-gram rat, calcubted from the re- 
gression equation showm in Table I amounts to 
1117 mEq Multipl>ing the bone salt sodium 



346 


DONALD B CHEEK, CLARK D WEST, AND CATHERINE CARTER GOLDEN 


TABLE V 

Calculation of sodium tn extracellular fluid and extra- 
cellular fluid volume of a 220-gram rat (50 gram 

FFDS) 




of Total 

5o4ica Oot*l4* tttnLc*llnl*r Flald 



B9*>* nit tedlta (£rc3 KitCa ntle 
for beoa ult asd total bodj Ca) 

2 n 

a 2 

Sodloa ialraeallalar 1b cosela 
(trtm nt rvcla amlyaaa (6) 
acd taaela can (25)) 


5 e 

rrytiirocj'ta aoditm (froa tedloa 
ecBcaiitratlon of T»d call watar 
(8) blood Tolm aod bmtocrlt 
(9; CBd rad call ntar coctant) 
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3 27 
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Sedlm 1 b Extra eallolar Field 

7^6 
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S«rtEi Utr*U todla coM«atrmtlcei lb9«£ 

flodliin rpcea • • li7 9 Bl 

ilaum ratio by total body calaum gave an aver- 
se value of 2 21 mEq for total bone salt sodium 
The accuracy of the estimate of the bone salt 
idium is of importance in the assessment of elec- 
*oIyte distnbufaon because of the large fraction 
E body sodium present in bone Possible sources 
E error he in the method of estimation of the 
idium calcium ratio and in the assumption m- 
erent in the calculation that the sodium cal- 
um ratio of all bones is the same as that of the 
lecimens of bone taken for analysis * The gen- 
ral agreement of the sodium calcium ratio of 
0200 obtained m the present study with that of 
0206 obtained b} Bergstrom (22) by flame 
hotometnc determination of sodium suggests the 
bsence of gross errors in analysis The vahdity 
f the assumption that all bones have the same 

- Knowing the w eights and calaum content of the 
me samples taken for analysis and the total bodj cal- 
um, the fraction of total skeleton represented bj the 
Done samples maj be calculated. The bone sample weights 
in terms of fat free dry sohd averaged 1 45 grams and 
their calaum content averaged 107 mEq per gram 
FFDS With an average total body calaum content in 
a 220-gram rat of 1117 mEq the total skeleton as FFDS 
may be calculated from the above as n aghing 104 grams 
The bone samples then represented on the average 14 per 
cent of the to^ skeleton. 


sodium calatuu rabo is more difficult to assess 
From fragmentary data, hovvev'cr, the assumpbon 
m the mam appears to be correct Agna and 
Knowles (23) have found in rune human subjects 
that nb and ihac crest are almost identical in their 
sodium calaum rabos On the other hand, the 
skull contained an at erage of 7 per cent more so- 
dium per unit of calaum than did nb or ihum 
Appendicular skeleton vv'as not analyzed * 

Muscle cell sodium Based on the data for 
muscle analyses of 13 rats by Cotlove, Holliday, 
Schwartz, and Wallace (6) the sodium mbncel- 
lular in muscle vv-as taken as 0 6 mEq per 100 
grams of fat free bssue The muscle mass of the 
rat was taken from the data of Caster, Poncelet, 
Simon, and Armstrong (25) These authors v\ ere 
able to measure not only the muscle mass that was 
easily dissected from the skeleton but also the 
fracbon adhenng after disseebon The latter 
fracbon was determmed either from the composi- 
bon of the ash or from tlie determinabon of 
actomyosin The muscle mass of 320 to 3S0-gram 
rats of good nutnbonal status was found by these 
authors to average 45 5 per cent of body v\ eight 
In a 220-gram rat the muscle mass v\ ould closely 
approximate 100 grams and would contain 0 6 
mEq per L sodium in the intracellular space 

Erythrocyte sodium After Bernstein (8), the 
sodium concentrabon of red cell water is taken 
as 28 mEq per L The value of 0 14 mEq for 
total red cell sodium was calculated in the manner 
described for erythrocyte chlonde 

Sodium 1)1 lumen of the gastrointestinal tract 
The quanbty of sodium m the transcellular fluid 
in the gastromtesbnal tract was determined as for 
chloride by the flushing procedure The sodium 
recovered averaged 043 mEq watli the range of 
0 35 to 0 50 The amount in the 220-gram rat 

* If m the rat the sodium calaum ratio of the skull 
were greater than the rest of the skeleton by S per cent 
as appears to be the case m the human, the error result- 
mg from neglect of this discrepancy in the present calcu- 
lations would be mmimak The dried skull of a 220 gram 
rat waghs 1 42 grams (24) Assummg the calaum con- 
tent of dried skull to be 107 mEq per gram and a 5 
per cent greater sodium calaum ratio for skull, the 
bone sodium would be greater than that found in the 
present calculation by 0 015 mEq This amount repre- 
sents 002 per cent of the total body sodium. 
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TABLE TI 


Atmci taltm and rantt far boat catanrn ladtum and chhyndt catUcnl and Iht bent lail ledttm bane mJcinm nHa 
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Qilarlde 

mBt/JOtffm, 

FFDS 

Chloride 

Sodiam ia 
chJofWe 
•JXbCt 

mEiJtMtm. 

ffOS 

Bene «alt aodlam 
booe oictam 

S 

29 7 
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1,0T4 4 
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551 

823 

00200 
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would be 0 32 mEq or slightly more than 3 per 
cent of total body sodium, 

Sodtum mtraccUular in viscera As mentioned 
above the liver -was considered to contain no in 
tracellular sodium the volume of distribuhon of 
this ion ivas considered as a measure of the extra 
cellular space In the rest of the nscera studied 
(lungs, gastrointestinal tract and testes) the com 
panson of the inuhn inth the sodium space was 
used to assess the amount of sodium located in 
tracellularlj For the corapanson the sodium 
space was corrected for the amount of sodium 
found by the flushing procedure to be present in 
the gut lumen The correction amounted to 043 
mEq As may be seen in Table IV the inulin 
space appro-omates the corrected sodium space 
after sue hours of mulin infusion. The data have 
been interpreted to indicate that no sodium is 
present wthin the cells of the viscera, 

Esltiitalton of extracellular sodtum space Sum 
ming up these corrections in Table V it is seen 
that the sodium outside the extracellular space m 
a 220-gmm rat would be 3,27 mEq or 31 4 per 
cent of total body sodium 

For calculation of the e.'ttracellular sodium 
space the value for e,xtracellular sodium (7 16 
mEq ) has been divided by the average sodium 
concentration in a serum ultrafiltrate Serum so- 
dium concentration in 15 normal rats averaged 
146 7 mEq per L and the calculated serum ut 
trafiltrate concentration 14^ 6 mEq per L. The 
resultant extracellular sodium space of 475 ml 
IS in good agreement vvath the eictracellular chlo- 
ride space of 47 4 ml 

Partitioning of body rtu/er, sodiiitn and polos 
Slum Total bodj water ma 220-gram rat averaged 
146 4 ml. (Table I) Assuming extracellular 
volume as 48 m! the extracellular phase would 
constitute 32 per cent of total body vnler or 21,8 
per cent of body n eight 


The partiboaing of sodium tn the bod} and the 
net concentrations of body sodium potassium and 
magnesium m intracellular water are shown m 
Figure 1 For the calculation of intracellular vol 
ume, the volume of flmd wnthm the gut was deter 
mined on six rats of 220-gram weight The av 
erage value was 3 6 at 0 42 (SD)ml Subtracting 
this value and that of 48 ml for extracellular v ol 
ume from total body water gives 978 ml for the 
volume of intracellular water Extracellular po- 
tassium m a 220-gTam rat was calculated as 0 19 
mEq The net concentrahon of potassium in cell 
water calcuhted as shown in Figure 1 would be 
146 mEq per liter Sodium concentration m cell 
water, similarly calculated, would be 7 4 mEq per 
hter 

For the calculation of the magnesium concen 
trahon of cell water the data of Duckworth God 
den and Wamock (26) have been used These 
authors found the calcmm magnesium ratio of 
rat bone to be 418. From this ratio and from to- 
tal body calcium it may be calculated that 2 68 
mEq of magnesium are in the bones of a 220-gram 
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rat, lea-ving 3 mEq in the soft tissues Neglecting 
extracellular magnesium the cell ivater concen- 
tration of magnesium n ould be 30 mEq per liter 
This \-alue agrees nell -wnth that of 33 mEq per 
liter found by other investigators (6) for the mag- 
nesium concentration of muscle cell water Simi- 
larly , from the calaum phosphorus ratio for bone 
(26) and from total body calaum it can be cal- 
culated that 35 3 mhlols of phosphorus (or 83 
per cent of total body phosphorus) are present m 
bone 

DISCUSSION 

For the prease interpretation of change in in- 
tracellular electrolyse during metabolic studies 
and for the proper partitiomng of electrolyte in 
the body it is desirable that extracellular and in- 
tracellular volumes be defined The present study 
has approached the problem of volume measure- 
ment by determining extracellular volume from 
extracellular chloride An attempt has been made 
to venfy the result by demonstrating that the so- 
dium content of this extracellular volume corre- 
sponds in amount with that calculated from total 
body sodium minus the amounts present in bone 
tond in cells The good agreement of these inde- 
liendent approaches strongly suggests that extra- 
cellular volume has been correctly measured 

In spite of the good agreement, it should in all 
fairness be pointed out that errors could still exist 
which, if present on both the sodium and chlonde 
sides of the balance, would cancel out Possible 
errors m the assessment of bone sodium and of 
intraluminal gut sodium and chlonde have already 
been mentioned The exact quantitation of the 
amounts of sodium and chlonde in visceral cells 
IS likew ise a difficult problem and may be a source 
of error If the assumption that no sodium is 
present m the cells of the viscera ivere incorrect, 
the error ivould balance out and not be detected by 
the approach used Recourse to inulin as a 
marker to dmde the mtra- from the extracellular 
pliase has limitations The technique of con- 
stant infusion and tissue analy sis excludes the er- 
ror resulting from metabohsm of mulm (27) but 
does not exclude error from accumulation of mu- 
lin m macrophages Although mulm does not 
penetrate most cells under ordinary' arcumstances, 
imexpectedly high i-alues for mulm space are ob- 
tamed m anunc patients (28) and in nephrecto- 


mized rats (21) Under conditions of nephrec- 
tomy, many substances normally extracellular m 
distribution predict lolumes which are unreason- 
ably high (29) and the possibility' cannot be ex- 
cluded that under tliese conditions ions or mole- 
cules penetrate the cellular phase White and 
Rolf (21) using the nephrectomized rat and tis- 
sue analysis for mulm obtained a progressively' 
large inuhn space which, after 72 hours, predicted 
lolumes exceeding total body water Such find- 
ings may be related in some ivay to the remoi'al 
of renal tissue, for the mulm space of rat muscle 
was significantly higher than that demonstrated 
by' Cotlove (7) in animals with intact kidney's 
constantly infused w'lth mulm In Wiite and 
Rolfs study (21), however, the anomaly was 
greatest m tissues nch m macrophages, such as 
liver, and the authors suggest that sequestration 
of mulm can occur m macrophage cells In the 
non-nephrectomized animals m the present study 
It w'as found that in liver, the mulm space greatly 
exceeded both the sodium and chloride spaces af- 
ter 24 hours of infusion Hence, absence of renal 
tissue appears not to be the sole factor responsible 
for the large muhn spaces of nephrectomized ani- 
mals ^Vhether in the other viscera studied, mac- 
rophage sequestration of inubn accounted for the 
increase m mulm space relative to sodium space 
as the mulm infusion ivas prolonged to 24 hours 
(Table IV) cannot be determined This inter- 
pretation seems the most plausible, however, when 
the data are considered from all aspects, and the 
use of the six-hour mulm space, or the closely 
similar sodium space, as an approximahon of ex- 
tracellular volume appears to be justified 

A further source of error hes m the estimation 
of the “excess” chlonde of connecbve tissue It 
should be noted that the calculations assume that 
all of body collagen has an affinity for “excess” 
chlonde equal to that of the large tendon masses 
taken for analysis This assumption is probably 
m the mam correct, as pointed out by Manery, 
Danielson, and Hastmgs (1), insofar as the con- 
nective bssue of muscle, which accounts for the 
majonty of body collagen, is a direct extension of 
and probably similar m structure to tendon How- 
ever, the collagen of bone matrix and m visceral 
organs could w ell differ from tendon m its affinity 
for chlonde Also the wide differences m the 
amount of excess chlonde in connective bssue 



THE PARTmONING OF SODIUM AKT3 CHLORIDE IN THE RAT 


349 


found by vanous mvestigators should be borne in 
mind. Manery Danielson and Hastings (1) 
found the chlonde concentration of connective tis 
sue water in rabbits to average 8 4 mEq per L, 
greater than the concentration in a serum ultrafil 
tratc a value m good agreement \vith that of 6 
mEq per 1*. found in the present study On the 
other hand another group of workers (30) found 
the concentration in dogs to be approximately 
equal to that of a serum ultrafiltrate while more 
recently a concentration m connective tissue wa- 
ter greater by 56 mEq per L than that of the 
serum ultrafiltrate has been reported m rats (31) 
It 15 possible that some of these differences arc 
attributable to difficulties inherent m the methods 
of chlonde analysis (4) the loss of variable 
amounts of ^vater at the time of dissection would 
appear not to be the sole responsible factor 
While It is obvious from the above that errors 
may he present most of them v ould appear to be 
of relatively little significance to the present study 
As it stands the study predicts that 87 per cent of 
total body chlonde is in the extracellular fluid 
Of the 13 per cent located outside of this com 
partment more than half is in the erythrocytes 
and m the gastrointestinal tract Because the 
amounts m cells and * excess m connective tis 
sue arc so small even gross errors m the quanti 
tatioa of these fractions iixiuld ha\e little effect 
on the overall assessment For example, doubbng 
the amount of ‘ excess chlonde associated with 
connective tissue iNxmld reduce the present esti- 
mate of extracellular chlonde by only 1 5 per 
cent The conclusion that most of body chlonde 
IS m extracellular fluid appears justified The 
data do not support the contention of other in 
vestigators employing differing techniques (32 
33) that 30 per cent or more of body chlonde re 
sides outside the extracellular fluid 

Previously, Manery and Hastings (2) Manery 
and Haege (34) and Amberson, Nash Mulder, 
and Bums (35) have produced considerable cvi 
dcncc for the contention that chlonde is predomi 
nantly extracellular in vanous tissues At the 
same time these studies have suggested that In 
tracellular chlonde exists in pylonc tissue stomach 
fundus and testes 

It would seem of importance that the exchange- 
able chlonde of the rat measured with bromide 


over a 3-hour penod closely predicts the true car 
cass chlonde (4) A corollary of the findings 
presented Is that the bromide or radio chlonde 
space corrected for red cell bromide or chlonde 
gives a close approximation of all phases of the 
extracellular fluid volume in the normal subject 
The value of 146 mEq per L, obtained in the 
present study for the potassium concentration of 
cell water agrees wxll with the value of 140 mEq 
per L obtained by Hamson Darrow and Yan 
net (36) for the dog by carcass analysis using the 
uncorrected chlonde space as the measure of ex 
tracellular volume. By indirect methods how 
ever, widely diverging values ha\e been obtained 
Using inulin, DjO K** and Na** the intracellular 
potassium and sodium concentrabon of the dog 
averaged 115 and 35 mEq per hter of cell ivater 
respectively (37) These concentrations arc 
greater for sodium and lower for potassium when 
comparison is made with the present data Pos 
sibly iniilm under the conditions of these dog ex 
penments under-^timatcs the total extracellular 
volume (38) Moore (39) using thiocyanate as 
a measure of extracellular volume and D,0 K** 
and Na** to measure total water exchangeable 
potassium and sodium, respectively predicted in 
man an intracellular potassium concentration of 
163 mEq per hter of cell ivater No estimate of 
transcellular fluid vrzs possible in this studi This 
potassium concentration v.ould seem to be high 
as a result of the fact that thiocyanate over-esti 
mates the extracellular space (40 41) 

Evidence is at hand that intracellular and ex- 
tracellular osmolar concentrations in the rat are 
equal (42) There is also some endcnce that 
the major fraction of the magnesium of mtraccl 
lular fluid is not dissociated (43 44) and is prob- 
ably bound to proton and phosphate anions (44) 
so that almost all of the intracellular potassium 
should be osmotically active Hoiveier Macal 
lum demonstrated more than SO >cars ago (45) 
that while most of the potassium of the cell is 
evenly distributed throughout the cjioplism local 
points of high conccntraticm can be detected 
More modem investigations (46) suggest that 
about 13 per cent of cell potassium is not os 
motically active and is present In mitochondria 
The present study does not allov, conclusions re- 
garding the tomaty of cell fluid. 
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SUM MARA 

An attempt has been made to determme the 
amount of sodium and chlonde m the extracellular 
flmd m the rat by correcting total body sodium 
and chlonde for the amounts of these ions which 
are outside the extracellular fluid Corrections 
for chlonde included the “excess” chlonde of 
connectiA'e tissue calculated from total body col- 
lagen and the results of tendon analysis, chlo- 
nde intracellular in Iwer calculated from the so- 
dium space of liver, and chlonde in the lumen of 
the gut determined from analysis of gut contents 
ErjThrocjTe chlonde lA'as calculated from data m 
the literature The intracellular chloride of the 
respirator)' and gastrointestinal tracts and in the 
testes was assessed by tissue analysis after the 
constant infusion of mulin From data of other 
ini’estigators, it -was concluded that no chlonde 
IS present mtracellularly m muscle 

It Avas found that 87 3 per cent of body chlonde 
can be considered as present in extracellular fluid 
The chlonde in erythrocytes and m the gut lumen, 
representing 6 1 and 2 4 per cent of total body 
chlonde, respectively, account for the bulk of the 
non-extracellular chlonde 

To obtain extracellular sodium, total body so- 
dium was corrected for bone salt sodium, calcu- 
lated as the product of the Na/Ca ratio for bone 
and total body calcium, and for sodium in the lu- 
men of the gut, determined from the analysis of 
gut contents Data m the literature were used 
for the calculation of ery'throcyte sodium and for 
the intracellular sodium of muscle 

For a 220-gram rat, extracellular flmd volume 
calculated from chlonde was found to be 47 4 ml 
as compared vnth 47 9 ml calculated from sodium 
The good agp’eement betA\een these A'alues sug- 
gests that this approach and the corrections used 
are A’alid Extracellular Aolume Avould thus rep- 
resent 21 8 per cent of body aa eight or 32 per cent 
of body AA'ater 

From the data for extracellular Aolurae and 
from other parameters of body compiosition ob- 
tained from carcass analysis and from the htera- 
ture, the theoretical net concentrations of potas- 
sium, sodium and magpiesium in cell Avater have 
been calculated 
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In a consideration of the abnormalities of pro- 
tein metabohsm observed in multiple m 3 'eloma, a 
number of fundamental problems remain unsolved 
To state just two of these, it remains to be deter- 
mined (a) preasely what relationship the ab- 
normal serum globuhns of myeloma bear to nor- 
mal servm gamma glcbuhs, and (b) ivhat is the 
nature of the possible inter-relationship between 
the abnormal serum protein and urinary (Bence- 
Jones) proteins of myeloma when both are present 
in a particular case The electrophoretic homo- 
geneity of these abnormal serum and unnary pro- 
teins constitutes one of their major physico- 
chemical features Using this cntenon of electro- 
phorebc homogeneity to idenhfy these abnormal 
proteins, it has been found (1-3) that appro^- 
mately one-half of a group of one hundred mye- 
loma patients has both a serum and a unne pro- 
ktein abnormality , another one-third of these cases 
f shows only a serum abnormality, ivith no charac- 
tenstic proteinuna, and the remaimng one-sixth 
of the cases exhibits a discrete urme protein peak 
Mith no abnormal protein peak demonstrable m 
the serum 

The present study was designed to eluadate the 
inter-relationship between the serum and unne 
protems m the first group of cases, t e , in those 
patients wath both a serum and a unne abnor- 
mahty For this purpose, an isotopically-labelled 
amino acid was administered to a patient with 
mulbple mj'eloma and the mcorporation and turn- 
over of this label ivas followed in these two pro- 
teins (Ms hereinafter designates the abnormal se- 
rum globulin, and Mu the unnary [Bence-Jones] 
protein) If the time-charactenstics of the isotope 

^This work has been supported by grants from the 
National Cancer Institute, National Institutes of Healtli, 
and the Amencan Cancer Soaetj 


curves obtained from Ms and Mu satisfied the cri- 
tena for a precursor-product relationship (Ms as 
precursor. Mu as product) , it would be supportive, 
although not conclusive evidence for such an inter- 
relationship 

SV3JSCT AND ASNTSDDS 

Case history 

The subject (I A.) was a SO-j ear-old colored female, 
admitted to the Delafield Hospital in April, 1954, with a 
ten-month history of increasmgly severe low back pain 
Past medical history was non-contnbutory In 1951, she 
was found to have an anemia, the origin of which was ob- 
scure. Because of back pain she had been admitted to 
another hospital m March, 1954, where work-up had 
revealed Hgb 62 Gm , Bence-Jones proteinuna, blood 
urea nitrogen, 10 7 mg per cent , total serum protein, 
10 8 Gm. per cent, A/G, 4.2/6 6, myeloma cells m bone 
marrow, and x-ray evidence of a pathological fracture of 
the third lumbar vertebral body 

When transferred to the Delafield Hospital one month 
later, laboratory mvestigation disclosed Hgb 4 9 Gm. , 
vvbc 2,800, neutrophils 55 (15-40), lymphocytes 32, eosino 
phils 3, monocytes 10 , platelets 164 000 , non protein m- 
trogen 23 mg per cent, ESR 160 mm per hr Paper 
electrophoresis of the serum and unne (Figure 1) con- 
firmed the presence of an electrophoretically homogeneous 
abnormal protein in both the serum and unne. The 
scrum component (Ms) had the electrophoretic mobility 
of a 7 globuhn. Mu was of beta mobility Ms, when 
stained for carbohydrate by the penodic aad-Schiff tech- 
nique (4), gave a strongly positive reaction, whereas Mu 
was Schiff-negative (Figure 1) Iliac bone marrow as- 
piration revealed 50 per cent myeloma cells Widespread 
osteoporosis and osteolytic lesions were seen on skeletal 
survey 

Transient symptomatic benefit was obtained from a 
course of radiotherapy to the lumbar spine and transfu- 
sions m May, 1954, but there was roentgenographic evi- 
dence of overall disease progression A further palliative 
course of 1,000 r to the thoraac spme was admimstered 
m early September, 1954 No urethane or other chemo- 
therapeutic agent was admimstered pnor to the isotope 
study Despite two transfusions m the two weeks pre- 
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Fic, 1 Paper EurTaopnoREnc Patterns of the Stauii ano Urine of Patient 
I A-, Stained for Protein istth Bromphenol Blue (BPB) and for CARsonvuRATE 
Vpirn TBE Scnirr Technique 

*TC” indicate# the *itc of tample application, and the arron dcslpnatcs the direrticm 
of ralKTatioti, 


ceding the atudy the blood oxont on the day of isotope 
administration was Hgb„ 70 (jtn, rbc, 2 47 rrulbon 
wbc, 2400 platelets 83,000 Further data at this tiroe 
(9/24/54) Non protem nitrogen 43 mg per cent unc 
lad, 4 1 mg per cent calaum, 125 mg per cent 

The isotope study was well tolerated and, throughout 
the 17*day observation period, appetite and food lataVe 
were excellent An intcrcuirent cjatitu secondary to the 
presence of an indwelling catlieter responded satisfac 
lonly to antibiotics The effect of thu cystitis on the 
qualjtatiTC nature of Uie proteinuria, and the procedural 
changes necessary for urme proton separations arc dc 
senbed below Three transfusions of packed red blood 
cells from 500 cc. of whole blood were given daring the 
17'<iay period. 

Following the isotope study a therapeutic tmi of cor 
bsone and subsequently a course of urethane were ad 
ministered ivith slight subjective (but no objective) cvi 
deuce of benefit Urethane was discontinued after 6 
weeks (total dose 105 Gm.) because of panevtooema. 
Two weeks prior to death, the patient developed nitrogen 
retention, and despite supportive measures she expired on 
28 December 1954 

Autopsy confirmed the widespread osseous destruction 
iritli myeknna tissue. Tlie kidneys shossed the tubular 
epithelial degenerative changes and the proteinaceous 
casts considered typical for Bence-Jones ptolcin damage. 
Fine vncuoliation of the tubular epltheTial cells was also 
seen. Tlic immediate cause of death appeared to have 
been an exteniivc bilateral lobular pneumoma. 

Phvfycth^hfmicaJ ehgrac/mslics of the tubjnf's mvr/omo 

serum (Afs) and unitary (A/«) firoieinj 

Rgurc 2 shows the rooting boundary elcctrophorctK 
patterns of the whole serum and Figure 3 the electro- 


phoretic and ullracentrifugal diagrams of tlie fsolateil 
serum (Ms) and nnne (Mu) proteins Throughoot the 
expcnmental period the total serum protein conceutra 
tioo remained at 14 Gm per cent with the following per 
centage distribution of components albumin 15 9 alpha 1 
globulin 2.4 alpha 2 globulin 4 9 beU-globolm 61 
gamma globulm (Ms) 707 per cent Thus, the Ms com 
ponent was present at a coneentrabon of approximately 10 
Gm per cent The electrophoretic mobility of ifs m 
Veronal buffer pH 8 6 ionic strength 01 was 15 X 10^ 
cm.** sec."* volt* The sedimentaticm constant Sm.*- of 
Ms 2= 6.0 S Mu had 0 mohilitj of 27 X 10^ cm.'* sec.”’ 
\xilt and a sedimentation constant S*» » of 35 S The 
mono-dispersily of the^e proteini Is apparent from the 





Fic. 2 . IxTCTRornoRETic Fatterns Aicendino 
(Lett) and DFw.EMTtNc (Rirnr) Hch '<n\t!tcs or 
WnoLT SrRi u or St njEcr T A OnTAirm i\ \ ibonal 
BtFfE* rJI 86 

The arrows indicate the llrecU m of migration. 
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fiG 6 Semi-Logarithmic Plot of N“ Abundance Data for ▲ Ms- 
Glutamic Acid • Mu-Total Nitrogen and O Mu-Glutamic Acid 


reached until the second day, and the subsequent 
dechne proceeded at a much slower pace than for 
Mu The isotope cun e for Alb (a /3) was inter- 
mediate in Its time-charactenstics betiveen these 
two myeloma protein cun'es, showing faster rate 
of decline than Ms, but considerably slower than 
Mu 

Semi-loganthmic plots of the declimng portions 
of the I\Is and Mu isotope cun'es are shown in 
Figure 6 In both instances, the data appear to 
show the best fit to t\\ o separate exponential func- 
tions For Ms, the first exponential (E^) has a 
t% of 5 dajs, the second (E"), a t% of 21 days 
For Mu, (E*) has a t^ of 8 hours, and (E-), of 
1 5 dais The Alb (a, /3) isotope curve (not 
shown m Figure 6) follows a similar double ex- 
ponenbal decline pattern, with the t% of (E*^) 
equal to 3 5 days , t% of (E-) equal to 12 5 days 

The imtial rapid rates of decline in isotope con- 
centration m these three proteins (the E's) un- 
doubtedh represent the net resultant of several 
functions of isotope distnbution and dilution into 
ammo aad and protein pools of different magni- 
tudes proceeding concomitantli w ith protein degra- 
dation and excretion (Mu) The fact that smgle 
exponential functions approximate the data dur- 
ing these earh periods is probably fortuitous The 


second decay functions should more nearly reflect 
the respective rates of protein degradation, with 
the probable impliat error of isotope recj cling 
In the case of Mu, there exists the added factor 
of excretion The extent to wluch the isotopic 
label is liberated by protein breakdown back into 
the metabolic mtrogen pool and remcorporated 
into these same proteins is impossible to esbmate 
Figure 7 shows the isotope cun'es for Ms glu- 
tamic, asparbc and total protein nitrogen The 
bme-charactensbcs of these three curves are es- 
senball} similar, supporting the postulate of uni- 
formity of turnover of the formed protein mole 
cule, and, as expected, the isotope abundance in the 
indmdual amino aads exceeds the concentra- 
tion m total protein mtrogen It is parbcularly 
noteworthy that glutamic N'"' concentration ivas 
umformlj higher than aspartic N'°, although as- 
parbc had been administered ’ This concentration 

® Wu and Rittenberg (5) have noted the same concen- 
tration differential, i e , plasma and tissue protem glutamic 
N“ exceeding aspartic N“ after N“-aspartic admimstra- 
bon This is consistent ivith the recogmzed rapid rate 
at which the ammo nitrogen of aspartic aad exchanges 
wnth the mtrogen of the metabohc pool Aspartic aad 
IS so rapidlj deammated that its amino group may be con- 
sidered to behaie metabolically like ammoma. 
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difference for glutamic, aspartic and total protein 
nitrogen was also found in the Alb (a /5) samples 
(Figure 8) 

The Iklu samples dunng the first 48 hours were 
too small to permit isolation of glutamic and as 
partic aads and only total protein could be 
measured When the pooled Mu samples o£ the 
third and subsequent days were available for glu 
tamic and aspartic isolations these were per 
formed As indicated m Figures 4 5 and 6 the 
glutamic values appeared to follow the curve 
of the earlier Mu total N points In these later 
Mu samples the glutamic N'® values and the total 
Mu protem values were not significantl> dif 
ferent mthm the hmits of accuraq of the analytic 
methods 

DISCUSSION 

A number of physico-chemical studies of mye- 
loma scrum and urinary proteins (8-10) have 
documented a consistent difference in molecular 
weights of these two constituents Although the 
serum globulins vary considerably m molecular 
weight m individual cases they most frequently 
have been found to have sedimentation and dif 
fusion constants indicative of molecular weights 
m the range of 160 000 The urinary Bence-Jones 
proteins by contrast are usually of much smaller 
sue \vith mean molecular weights m the range of 
35 000 to 40 000 The sedimentation constants 
of Ms and Mu of the patient m this present study 
arc consistent with molecular weights in these re 
spcctivc ranges 

A study (4) of the carbohydrate content of 
myeloma scrum and unne protems m our labora 
torv indicated that whereas tlie myeloma serum 



Din 


Tig 7 N“ ABUNDAnd m mt • GLUTAinc, O 
Aspabtic avt) Total PaoTtnf JsmtocEN A pRAcnoNf 
OF Mi 



t 2 a 4 8 • r i 

DAVt 


Fic 8 N“ Abundakcz ix the • Glutauic, O As 
PARTIC ARC Total Protets Nitsocen A Fractions or 
Alb (o P) 

globulins contained a significant quantity of con 
jugated Schiff positi\c matenal presumably pro- 
tern bound hexose and hexosamme the unnarj 
myeloma proteins were apparently de\oid of these 
substances These obscrv'ations were subject to 
at least three possible mterpretations namely (I) 
that Ms and Mu are tivo distinct protein moieties 
independently elaborated and independently me- 
tabolized (11) that the unnary protem (Mu) 
represents a fragment of the senun globulin (Ms) 
after removal of the conjugated carbohydrate 
moiety or (III) that the protem excreted in the 
unne represents a portion of a larger body poo! 
of (his material which is functiomng as a precursor 
of the serum globuhn i r pnor to conjugation 
wntli its carbohydrate moiety 

If the second postuUite were correct i c Ms is 
the precursor of Mu the isotope concentration 
maximum in Ms should have preceded and cx 
ceeded the isotope maximum m Mu Since just 
the opposite relationships were obsened between 
these two turnover curves postulate II would ap- 
pear to be intalid leaving the choice lictwccn 1 
and in As will be seen shortly after considcra 
bon of other a\'ailable data tins choice cannot, as 
vet be clcarh and conclusucly made 

Essentially similar results to those herein re- 
ported ha\c been obtained b\ Putnam Hardy 
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TABLE I 




Serum globulin 

Urinary 

(Bence-Jones) 

protein 

Albumin 


Labelled compound 

S Q 

T) 

S.I 

Tl 

Tl 

Putnam and 
Harda (11) 

NH, CHj DHDOH 

62 88 

17-20 d 

3 08 

18 hours 

No data 

Hard} and 
Putnam (12) 

CH, COOH 

66 

(Cryo-) 

? about 20 d 

2 14 

1 8 d 

No data 

This paper 

HOOC CH CH COOH 

60 

E>= Sd 

E = 21 d 

3 5 

E‘ = 8 hrs 

E’ = 1 5 d 

E» = 3 5 d 
E» = 12 5 d 


Me\er and ]Mi}'ake (11-13) in studies using C'^- 
gU cine in one patient, N^-gh cine in a second, and 
DL glutamic aad-lC^'* m a third A comparison 
of their results, from studies (11) and (12) with 
the data from the present stud}, is outlined m 
Table I Seieral significant differences m the 
protocols of these three studies are notable, via , 
Putnam and Hardv’s first subject (11) was re- 
ceiving urethane throughout the experimental pe- 
riod, the subject of the second stud}' had e\ndence 
of adi’anced renal damage and nitrogen retention, 
and had also receued urethane just pnor to the 
isotope experiment This patient s serum pro- 
tein w as a cn oglobuhn w ith only aspartic acid m 
the N-terminal position The subject of the study 
herein reported was selected because of the rela- 
tneh t}pical nature of the abnormal serum and 
unne proteins exhibited, and the apparent free- 
dom from the possible effect of pnor therapy or 
renal damage Despite these differences and the 
fact that different amino aads were eniploied, 
the obsened results in these three studies are m 
essential agreement with regard to the turnover 
rates of the mAeloma proteins It must be recog- 
nized that the biosA nthetic labelling procedure em- 
ploAcd m this studi and in the studies of Putnam 
and his co-w orkers has, impliat w ithin it, a senous 
source of error due to remcorporation of the iso- 
tope This factor of rec} cling is pnmanl} opera- 
tiae m the later time periods Accordingly, the 
calculated half-h\es must be considered as only 
aers' gross approximations to the true biological 
life-spans of these protein constituents Within 
these clearh recognized limitations, how'ever, one 
ma} speculate on the possible interpretations of 
the obsened isotope tumoaer nines of Ms and 
Mu 

The extremela rapid tumoaer of Mu may in 
part be explained by the rapid sequestration of 


this protein in tlie unne, and, hence, its non-avail- 
abiht}' for later remcorporation of “recycling iso- 
tope ” The approximate!} 15 per cent residual 
contanunation of the later Mu samples with al- 
bumin and mimmal amounts of alpha globulins due 
to the intercurrent ca'stitis might be expected to 
have introduced an error m the direction of pro- 
longing tlie obsened half-life of the urinar}' pro- 
tein, since the serum Alb (a, j3) fraction displayed 
a much sloaaer turnover rate than that found for 
Mai 

An isotope tumoa er stud} of the albumin in the 
unne of a patient avith nephrosis, companng the 
isotope half-hfe m unnar}' albumin aaitli senim 
albumin of the same subject, aaould probably rep- 
resent the best reference aaith aahich to evaluate 
the function of unnan' sequestration on the form 
of the isotope turnover cun'C Although turnover 
studies of senim proteins in nephrosis haae been 
reported the unnara' proteins haa e not been 
examined 

The half-hfe of serum Alb {a, p) as measured 
in our myeloma subject was approximately 12 5 
days This is considerably shorter than the a alues 
for albumin of normal subjects reported from other 
studies (14, 15) aahich uhlized bios} nthetic la- 
belling techniques * Thus, London (14) obtained 
a half-hfe for albumin of 20 days in normal sub- 
jects after feeding N^'-gl}ane Masouredis and 
Beeckmans (15) found comparable albumin half- 

■* These data are more closelj comparable to the ex- 
perimental situation of this study than are the more ex- 
tensive reports (15, 17, 18) of albumin half-life as meas- 
ured by III vitro labelled l“’-albumin The I'alues for 
half-hfe of I“-albumm are about one-half to one fifth as 
long as the values for the biosjTithetically labelled protan 
This shorter life-span of the I“-albumin may reflect a 
significant alteration ( ^ partial denaturation) of the 
albumin molecule in the in vitro labelhng process re- 
sultmg in a shortened life span 
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lives of 27 6 days m a x>atient with pohcythemia 
vera, and 39 4 days in a subject with inacti\ e rheu 
matic heart disease when they emplojed onllj 
administered O* glycine Volwnler Goldsworthy 
MacMartin Wood Mackay and Fremont Smith 
(16) report a range of 23 to 44 da>s m half life 
for albumin m normal subjects when the\ used 
orally administered S**-cvstine. Whereas the 
rapid turnover of the Alb (a fraction m our 
myeloma subject may partly be due to the con 
tamination of albumm wnth alpha and beta glolni 
Iins of more rapid turnover rates than albumin 
Itself It IS suggcsti\e of a true augmentation m 
the rate of albumin degradation in this derange- 
ment of protein metabohsm The lack of data on 
patients wnth other neoplastic diseases and associ 
ated h)'poaIbunimemia however pre\enls aD> 
speculation regarding the specificity or significance 
of this phenomenon. 

An extensive range of values for the half life of 
normal gamma globubn has been reported from 
the several laboratones engaged m these studies 
As in the case of other plasma protein fraction 
bfe span studies differences in labelling tech 
niques and methods of protein fractionation ap 
pear to exert a profound influence on final calcu 
lated values of turnover rates Thus Volwnler 
and his co-workers (16) usmg orally administered 
S“-cv'stine obtained g:arama globulin half lives of 
48 to 85 days in normal subjects and 31 days in 
n patient with arrhosis A half life range from 
19 to 60 da) s for this fraction lias been reported 
by Armstrong and his associates (19 20) The 
half life value of approximately 21 days for the 
Ms protein herein reported and the comparable 
values for the myeloma scrum globulins reported 
by Putnam and Hardy (11 12) arc not clearly 
divergent from the available isotope turnover data 
for normal gamma globuUn fractions but again it 
must be stressed tliat the differences m labelling 
and fractionation techniques preclude any reliable 
compansons 

In conclusion it mav be stated that the relative 
rates of tumov'cr of the abnormal serum and unne 
proteins m a case of multiple n^eloma have been 
studied after the oral administration of N** L 
aspartic aad in an effort to ascertain whether the 
unnar) protein could be a product or a fragment 
of the larger molecular sized serum constituent 
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Because the isotope concentration maximum of 
the unne protein (Mu) preceded and exceeded the 
1 ‘iotope maximum m the serum globulin (Ms) the 
latter (Ms) cannot be construed to have been the 
precur&or of the fonner { Mu) Havnng observed 
similar results m their isotope studies of those ab- 
normal mv*eloma proteins Putnam Hardv Mc\ cr 
and Mivake (11-13) have suggested that the op- 
posite inter relationship mav exist i e tliat the 
Bence-Jones unnarv proteins mav represent pre 
cursors or abortive products of scrum globulin 
synthesis This alternative h)*pothcsis is sureU 
worth) of further consideration but the present 
authors do not believe tliat the currently av'ailabic 
expenmenta! data justif) this interpretation It 
would appear that Mu is rapidlv s)nthesizcd and 
rapidl) excreted whereas Ms is more slowlv 
elaborated and degraded The experimental eva 
dence fails to establish that cither protein is the 
precursor or product of the other 

SUUMAHy 

1 The rates of incorporation and degradation of 
senim albumm the abnormal serum (Ms) and 
unne (Mu) proteins m a patient with multiple 
in)eloma have been studied efflp]o)ang orall) ad 
ministered N'* L aspartic aad as the bios)nthetic 
label 

2 The turnover rate of Mu was found to be ex 
trcmel) rapid with a half-life of 1 5 da)5 whereas 
the m)‘clom4a scrum globulin Ms was found to 
have a much slower turnover rate (half hfe = 21 
days) 

3 The isotojie concentration maximum in Mu 
preceded and exceeded the isotope maximum m 
Ms 

4 These data are interpreted as bemg mcom 
patible vnlli the hvpotlicsis that the larger mo- 
lecular Sized serum globulins of mv eloma arc 
precursors of the smaller unnar) (Bence Tones) 
proteins Tliey also fail to estabhsh the oppo'^ite 
inter relationship i c that tlic Bence Jones pro- 
teins are abortive precursors of serum globulin 
svnthesis, 

5 Until further data prove to the contrary the 
thesis that Ms and Mu are «icparate constituents 
independent!) elaborated would seem moU readil) 
acceptable 
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A cfiutal rclationahip between atnmoma intoxi 
cation and hepatic coma is suggested by the repro- 
duction of the syndrome of impending hepatic coma 
m sensitive patients wth liver disease by sub* 
stances from which ammonia can be denved (1) 
and 15 supported by demonstration of deranged 
ammonia metabolism in li\er disease (2) The 
frequent findmg of elevated penpheral vem am 
monia concentrations in hepatic coma (3) has 
encouraged incrimination of ammonia m the gene- 
sis of the syndrome (4 5) Conversely, reserva 
tions have been expressed that such results mav 
signify no more than impaired mtrogen ractabo- 
hsm secondary to hver disease (6 7) More re 
cently Bessman and Bessraan (8) haie questioned 
the validity of observations based on pettphetal 
vein blood alone by demonstratmg significant ar 
teno-venous ammonia difference m bepatic coma 
Moreover a dose relationship has been reported 
between arterial concentrations and neurological 
status in a patient with this comphcation (9) 

The purposes of this paper are 1) Further as 
scssment of the sigmficance of arterial concentm 
tions and A V ammonia differences in hepabc 
coma, direcbng particular attention to the effect 
of eliminating from the diet nitrogenous substances 
from which ammonia may be derived and 2) In 
vestigation of a possible relationship between dis 
ordered ammonia metabolism and the elevated 
blood pyruvate and o-ketoglutarite concentrations 

' Thl« work tupported in part by a conlract be- 
tween Harvanl Univertity and the Office of The Suriceon 
Gcnernl Department of the Anny and m part by grants 
to Harvard Lnlvenity from Merck & Co., Inc, Railway 
New Jersey The Nutrition Foundation, Inc^ New 'Vork, 
New Yort and Lcdcrle Laboratories Division of the 
Amcncan Cyanaiuid Company Pearl River New York. 

•Rockefeller Travdlinff Felkrw of the Medical Re- 
search Coundl of Great Bnlaln. 

• Public Health Service Research Fellow of the Na 
tlonal Heart InsUtirte. 


reported m liver disease (10, 11) Arterial con 
centration and tissue metabolism of ammonia hai e 
been compared with the neuropsychiatnc state and 
with the protein intake in uncompheated hver 
disease and hepabc coma. Simultaneous csbma 
bODS of blood pyruvate and a-ketoglutarate were 
performed The rclabonship of the keto-aads to 
ammoma metaboUsm was further studied in a 
smaller group of pabents with hver disease b) 
measunng blood concentrabons of these substances 
in response to the admimstrabon of ammomum 
chlonde 

MATERIAL AND METHODS 

Palienis Twenty seven patients (16 male and 11 fe- 
male) m Impending hepatic coma or co ma were ittxfled. 
Ages were distributed between 29 and 70 years Tventy 
patients had arrhodi associated wdlh chronic alcohoHsTru 
The etiology of atrbwls was uncertain in three patients. 
One patient had hemodirooutosis and another Wilson f 
disease. One pabenl had an bepatic lymphoma and the 
rqna fili ng patient had carbon tetrachtonde poisoning 
XJver failure, evident from progressive laundice and 
severe ascites, was judged the basis of hepatic coma m 16 
patients. Other factors precipitating coma included ma 
jor gaitrointesUnal bemorrhage (5 patients) acute pyo- 
genic infections (3 jaticnls) mtolemncc of nllrogertous 
substances with deterioration of hver function (2 pa 
tieiU with portacaval anastomoses) paracentesis ab- 
dominis (1 patient) and a major surgical operation (1 
patient) 

Eleven patients with drrhosls in the absence of he- 
patic coma wTre also studied (10 chronic alcoholica and 
I in whom the etiology of hver disease was uncertam) 

A gro u p of 18 control subjects without evidence of he 
pabc, renal or metabolic disorder was recruited from 
hospital patients and staff 

The diagDosis of liver disease was made on cllmcal 
and biochemical grounds hirtological confimutiem from 
biopsy or autopsy specimens was available in 27 patients 
Including 18 of the 20 patients who died in hepatic coma 

Neuropsychiatnc assessment Patients in coma (m 
chiding impending hepatic coma) were examined daily 
or more often, assessment being based on the dfidcal 
syndrome reported by Adams and Foley (12) and as 
listed by EEG records when necessary The charac 
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TABLE I 


Cerebral (arteruil-juguJar bulb difference) and peripheral {artenal-pertpheral rein difference) 
uptake and release of ammonta daring terminal two days of hepatic coma * 



Patient and dbgnosij 

Semm bUinibln 
(mt /200 ml > 

Asdtej 

(0-+++) 

Arterial NHiN 
(pi /lOO mi blood) 

A-V difference 

Ammonia gptake (+) 
or release (— ) 

Cerebral Peripheral 

(fit /lOO ml ) (pi /lOO ml ) 

GA 

Cirrhosis of the alcoholic 

26 0 

+ + + 

275 

+15 

+61 

SU 

Cirrhosis of the alcoholic, massive 
gasbomtesbnal hemorrhage 

18 4 

+ + + 

60 

+12 

+16 

ST 

Cirrhosis of the alcoholic, massive 
gasbomtesbnal hemorrhage 

29 

+ + + 

250 

+66 

+83 

BC 

Cirrhosis of the alcoholic, lobar 

64 

0 

271 

+4 

+ I 

MC 

pneumonia 

Cirrhosis of the alcoholic 

110 

+++ 

171 

-75 

-97 

GE 

Wfflson’s Disease 

19 

++ + 

229 

-90 

+42 

BE 

Cirrhosis of the alcoholic, massive 
gasbomtesbnal hemobhage 

23 6 

+-f 

354 


+4 

EA 

Cirrhosis of the alcoholic 

22 0 

+++ 

262 


-1 

MG 

Cirrhosis of the alcoholic 

19 0 

+ + 

200 


-11 

MS 

Hejiabc lymphoma, 
gasbomtesbnal hemorrhage 

0.5 

0 

114 


-4 

SP 

Carbon tetrachlonde poisoning 

38 0 

4" 

52 


-11 

MK 

Cirrhosis of the alcoholic 

33 1 

■f -i-+ 

160 


+63 


• Although in coma, the patients w'ere not moribund 


tcnstic fluctuation and frequent dispantj between psychi- 
atnc and objective neurological findings permitted an 
accurate distinchon only between impending coma and 
coma for the purpose of this report, stuporous pabents 
responding onlj to strong sbmuh being placed m the 
latter categorj 

Protan intake Protein mtake, dunng or immediatelj 
pnor to hepatic coma ansmg m hospitalized patients, was 
assessed from the ward diet or calculated from the re- 
stricted protein diet, usuallj a low-sodium milk prod- 
uct,^ on which patients were maintained. Progressive or 
adi-anced hepatic coma was treated with exclusion of 
all mtrogenous substances (protan, drugs, etc.) from the 
diet and with broad spectrum anhbiotics by mouth (7) 
Chlortetracjclene in doses of 2 to 4 gra. dailj was ad- 
nunistered for the duration of the neurological syndrome. 
The possibilit> of gastrointestinal bleedmg ivas checked 
b} inspection of feces, examination of stools for occult 
blood and, m fatal cases, at autopsy 

Biochemical methods Blood ammonia was deter- 
iruned bj a modification (13) of Omwaj’s method (14), 
blood pjTuvate and a-ketoglutarate were esbmated usmg 
the method of Sebgson and Shapiro (IS) Blood w-as 
drawn without stasis into speaallj cleaned sjTinges and 
was mtroduced into the Conway umts or flasks at the 
bedside The accuracj of these methods m our hands, 
calculated from the standard deviabon from mean recover- 
ies, was ±: 3 per cent for ammonia, usmg standards and 
blanks, ± 6 per cent for o-ketoglutarate and Hc 9 per cent 
for pyruvate The recot enes for keto acids were earned 
out using human blood. “Uptake” of ammonia or keto- 
aads by brain or peripheral bssues was assumed when the 

Lonalac®, Mead Johnson and Company, Evansville, 
Indiana. 


differences between concentrabons m arterial and ap- 
propriate \enous blood (A-V difference) were posibte 
and, conversel>, release is represented by ncgabvc 
differences 

Administration of ammomuin chlondc Alterabons m 
blood ammonia, pyruvate and a-ketoglutarate concentra- 
bons following the administrabon of ammomum chlonde 
were measured in 5 pabents with liver disease, whose 
clmical and biochemical findings are given m Table III, 
and in 4 conbol subjects Three other control subjects 
recaved ammomum chlonde pnor to delerminabon of 
artenal and penpheral vem ammoraa concentrabons 
Ammonium chlonde was given by mouth (as non- 
entenc coated capsules) or intravenously (2 per cent 
solubon in water or sodium chlonde mfused o\er 45 
minutes) m 3 0 or 4 0 gm. doses Individuals vnth 
severelj imjiaired liver function, extensive portal-systemic 
collateral venous systems or previous evidence of neuro- 
psychiatnc sensibvity to nibogenous substances recaved 
the smaller amount bj mouth in view of that suscepb- 
bility to hepabc coma mduced by ammomum salts (1) 
Conbol subjects were given ammomum chlonde intia- 
venousl> as use of the oral route would base prevented 
most of the ammonia from reaching the penpheral bs- 
sues owmg to its removal from portal blood by a healthy 
h\er (2) Blood specimens (artenal, penpheral venous, 
or both) were taken immediately pnor to admimsbabon 
of the salt and at waned 30 minute intervals up to four 
hours for determuiabon of blood ammonia, pyruvate and 
o-ketoglutarate concentrabons Values are reported at 0, 
30 to 60, 90 to 120 and 180 to 240 minutes, represenbng 
actual readmgs or mean levels where more than one 
esbmabon was made m the relevant penod. 
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Fig. 1 AtTOUAL (A) aw® Poipheeal Veiw (V) Ammowia Cohcent^attok* 
With A-V DrrrBtfHCt* nr Co'nwA SoBjicn act Pattewts With Liver Ducasc 
Wrrn ako Wrrnour HtPATic Coma 


RESULTS 

Blood amj»ar»o and kefo-oc^d conceniraUonx tn 
hepafic coma 

Comparisons were made between the arterial 
and peripheral vein ammonia concentrations and 
A-V difference of ammoma in the control group 
and in patients with liver disease and hepatic coma 
(Figure I) Control subjects and patients with 
li\'cr disease without coma had similar fasting 
values of ammonia m artcnal and ^cnou5 blood 
(upper limit ol normal 75 pg per 100 ml ) and 
A V differences m both groups indicated that a 
small and variable uptake or release of ammonia 
by penphcral tissues occurred m the fasting state 
During impending hepatic coma the mean artcnal 
concentration (113 fig per 100 ml ) was elevated 
but a quarter of the readings remained withm the 
normal range. The mean concentration was lower 
in the penphcral vein (92 fig per 100 ml ) a half 
of the values being withm normal limits These 
findings were associated with a greater positive 


A V difference of ammonia m penphcral tissues 
in tlie majonty ol cases. In patients who had pro- 
gressed to coma higher mean values of artcnal 
and peripheral von ammonia were found (193 and 
139 /ig per 100 mL respectively) with a smaller 
proportion of readings (about 10 per cent artcnal 
and 25 per cent venous) still remaining m the 
normal range The A-V difference was still pre- 
dominantly positive fant relativ'C equihbnum vi'as 
not uncommon and tissue release of ammoma oc 
casionally of a high degree was sometimes ob- 
served Values obtained from patients m the 
phase of recovery but still exhibiting residual 
ncurops>*chialnc disorder showed a return to nor- 
mal blood ammonia concentrations and tissue cqui 
libnum of ammonia. 

Blood o-ketoglutarate and pi) ruvate values were 
determined simultaneously mth ammonia (Fig 
ure 2) Mean concentrations of both substances in 
fasting patients with liver disease (a-kctogluta 
rate 207 pyruvate 112 /iM per liter) were above 
mean control values (e-kctoglutarate U 5 pyru 
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Fig. 2 Blood <»-KirrocLUTARATE and Pyruvate Concentrations in 
Control Subjects and Patients With Liver Disease With and With- 
out Hepatic Coma 


ite 89 /iM per liter), but there was a considerable 
> erlap in pyruvate values Progressive increase 
i mean values in impending coma (a-ketogluta- 
ite 32 3, pyruvate 154 /iM per liter) and coma 
a-ketoglutarate 39 7, pyruvate 225 /iM per liter) 
as obsen'ed, but the scatter v^as wide A third 
t the a-ketoglutarate and half of the pyruvate 
lines dunng impending coma and coma were 
slow the upper limits found in pabents with 
ncomplicated liver disease 

'he influence of nitrogenous material in the in- 
testines on blood ammonia concentration in 
hepatic coma 

Blood ammonia concentrabons during hepabc 
ima were studied in relabon to nitrogenous ma- 
;nal m the intesbne (dietary protein, gastroin- 
!Sbnal bleeding, drugs such as ammonium chlo- 
de, etc.) (Figure 3) The highest arterial am- 
loma concentrabons occurred when coma was 


preapitated by gastrointestinal hemorrhage or by 
intolerance to mtrogenous substances and the 
mean levels in pabents on convenbonal home or 
vvard diets exceeded that found when coma was 
assoaated with low protein feeding Only one 
value in each group was within the normal range 
Dunng treatment by total protein withdrawal and 
antibiobcs, bvo-thirds of artenal ammoma read- 
ings remained high dunng the first 48 hours, but 
there was a stnking decline towards normal in all 
pabents dunng the second to fifth-day penod, al- 
though only three values fell within the normal 
range In the sixth to tenth-day period, the ma- 
jonty of artenal ammoma concentrabons remained 
at or near normal, but a nse occurred in some pa- 
bents and a further elevabon in the mean value 
was observed in pabents who survived on this 
regimen for more than 10 days, m the absence of 
protein feeding, gastrointesbnal hemorrhage or 
uremia Those who recovered and the fatal cases 
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had artenal ammonia concentrations -which were 
comparable in the early stages but in patients who 
survived they returned towards normal more 
rapidly after protein withdrawal 

It -was not possible to demonstrate a similar 
relationship between blood pyruvate or orkcto- 
glutarate concentrations and intake of mtrogenous 
material (Figure 3) Mean -values for both sub- 
stances were high at all stages particularlj m 
patients who survived more than 10 da>5 but the 
scatter was wide. 

Uplakc oj aimnonui by peripheral tissue and hratn 

Peripheral A-V ammonia difference in rela 
tion to arterial concentrations greater than 100 
fig per 100 ml was compared in control subjects 
who had received ammonium chloride to patients 
with liver disease who also had reccii'ed am 
monitim chlondc or were m the early phase of 
impending hepatic coma (Figure 4) Although 


uptake of ammonia occurred in both groups, it 
was greater m control subjects in relation to ar 
tcnal concen tr ation and the impaired uptake in 
patients with hver disease wtis particularly strik- 
ing at ammonia concentrations greater than 200 
/ig per 100 ml No difference vms observed be- 
tween patients with uncomplicated liver disease 
and those m impending hepatic coma 

Uptake of ammonia was the usual finding dur- 
ing the course of hepatic coma (Figures 1 and 3) 
and -was related to artcnal concentration Tissue 
cquihbnum or release of ammoma despite high 
arlenal concentrations was not infrequent how 
ever and these findings were mainly limited to 
the terminal phase of coma The artcnal concen- 
trations and A-V ammonia differences m 12 un- 
conscious but not monbund patients who were 
studied dunng tlie ultimate 2 da)-s of coma are 
reported m Tabic I Cerebral and peripheral 
A V differences of ammonia were determined 
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trol Subjects and Patients With Liver Disease 


simultaneously in 6 pahents Vanable uptake 
of ammonia occurred at both sites m 3 patients 
(GA, SU, ST), tivo of whom had massive gastro- 
intestinal bleeding, and a fourth (BC) showed 
neither uptake nor release at either site despite a 
high artenal concentration Ammonia release of 
a high degree vas taking place from both brain 
and penpheral tissues in the fifth patient (MC) 
and the remaimng subject (GE) exhibited re- 
lease of cerebral ammoma assoaated NVith penph- 
eral uptake Of the other 6 patients, in whom 
penpheral studies alone \\ ere performed, only 
one (MK) had a positiie A-V difference, the re- 
mainder shmving ammonia equihbnura, although 
artenal concentrations were high in all but one 
instance 


A-V differences of keto-aads 

Penpheral A-V differences of pyruvate and 
a-ketoglutarate were determined on 14 occasions 
dunng impending coma, coma or ammomum chlo- 
nde administration {vide infra) PiTUN-ate levels 
M ere higher in the \ ein in all but one instance, the 
mean A-V difference being — 15 jiM per liter 
(S D ± 14) There ivas less evidence of penph- 
eral tissue release of a-ketoglutarate The mean 
A-V difference iras — 2 1 fiM per liter (S D ± 
2 6), a small positive difference being found on 
three occasions 

Cerebrospinal fluid 

Imestigation of cerebrospinal flmd (Table 11) 
showed relatively small amounts of ammoma and 
a-ketoglutarate in control subjects, although py- 
ruvate concentrations w ere comparable to those in 
artenal blood In hepatic coma very high am- 
moma values, comparable with but not clearly 
related to artenal concentrations, were found 
With one exception, cerebrospinal fluid pyruvate 
values reflected and exceeded the artenal concen- 
tration m hepatic coma Despite high artenal 
values, spinal fluid a-ketoglutarate concentrations 
remained relatively low', but a linear increase witli 
artenal values occurred High pyruvate and 
a-ketoglutarate I'alues coincided m blood and 
cerebrospinal fluid but were unrelated to am- 
monia concentrations at either site 

Blood keto-acid concentrations in response to ant- 
inoniiim chloride administration 

Control subjects demonstrated no constant al- 
teration in mean blood o-ketoglutarate concentra- 


TABLE II 

Artenal and cerebrospinal fluid concentrations of ammonia, pyruvate and a ketoglutarate 
in control subjects and in terminal hepatic coma 


Ammonia (NTIiN « /lOO ml ) Pj-nivmte {pi! /Liter) a kctOBlutniate {pM/Uler) 



\rtcrial 

CSF 

Arterial 

C^F 

Arterial 

C^F 

Controls (7 subjects) 

Mean ± S D 

52 

20 ±6* 

112 

107 ± 25 

11 5 

1 1 ± 08 

Hepatic coma 

Patient M C 

171 

408 

295 

275 

85^ 

65 

R. Y 

122 

161 

190 

218 

36 5 

39 

B E 

71 

76 

111 

206 

345 

26 

G E 

229 

92 

92 

123 

27 7 

20 


From Clarke, Parsons Smith, Sherlock, and Summerskill (29) 
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Fic, 5. Mcak Bloch) Pyruvate and a-IOctoctOTARATE Coxcextratio'<s 
F oLLowrwQ ADfcoiasTRATiOK ox AuMoirnm Cnuan* to Coktrol Subjects 
AKO Pattekts With Liver Disease 


tions foUcrsving the adrmmstration of 4 gm am 
momum chlonde ultra^T!nously but a late fall tn 
mean pyruvate level was evident (Figure 5) 
Similarly individual <*-V.ctoglutarate values showed 
little vanation from the fasting reading in this 
group but pyruvate concentrations after an early 
increase m 2 patients decbned as the test con 
tinucd (Table III) AH patients with hver dis- 
ease exhibited a nse of pyruv-ate and o-ketogln 
taratc concentration both m mean value? (Figure 
5) and individual readings (Table III) The 
more sinking elevations occurred m pyruvate 
levels which progressed steadily to a maximum at 
the 3 to 4-hour determination One patient (B A ) 
m whom sensitivity wtis anbcipated owing to 
chronic mtrogen intolerance following portacaval 
anastomosis showed a 95 per cent increase m 
p} nivate concentration after only 3 0 gm. of am 
momum chlonde by mouth but other patients 
receiving the drug by the oral route (S£^ T*A ) 
exhibited smaller augmentations of blood pjru 
vate values than those receiving intravenous am 
momum chlonde (B CO) despite comparable 
or worse liver function 

The mean elevation of blood o-kctoglutarate 
concentrations m patients ^vlth cirrhosis in re 
sponse to ammonium chlonde was less but of a 
magmtude beyond the error of the method It 
was a constant finding m every patient (Table 


III) and the greatest mcrcasc of o-kctogluta 
rate concentration occurred bv 30 to 60 minutes 
thus preceding the greatest alteration m pyruvate 
values 

Ammonia uptake by penpheral tissues following 
the administration of ammonium chlonde wns 
demonstrated by elevation of blood ammonia lev 
els and positive A V ammonia differences in both 
groups (Table HI) comading m patient? with 
liver disease with elevation of er-kctoglutanitc and 
precedmg the major rise m pyruvate levels The 
return to fasting values occurred earlier m pa 
bents receiving the drug intravenously but fur- 
ther assessment of individual tolerance was not 
considered relevant to the study 

The sequence of events is demonstrated m Fig 
urc 6 Following oral ommomum chlonde rapid 
elerabon of blood ammonia levels ivas accom 
pamed by a nse in penpheral bssue uptake of 
ammonia and o-kctoglutarate concentrabon The 
steady nse of blood pyruvate values continued 
after blood le\els of ammonia and ©-kctoglutarate 
had declined and after the pabent returned to his 
initial ncuropsychiatnc state 

DISCUSSION 

Increased penpheral vein ammonia concentra 
bons reported in pabents wath h\cr disease im 
complicated by hepabe coma (2, 3 5 7 16) are 



TABLE m 

Blood Pyruvate, a ketoplutarate and antiuonia concentrations JollowinP * ammonium chloride administration 
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Fig. 6. PatipnERAL Tusot Uptake of AuuomA (A-V DryFraEwcE) atco Blood Keio- 
Aod CoKCEKTlATlOKfl DOUWO EwtOOE OF ImfENDIKC HtPATlC CoilA PwtanTATED BY 
Ajoiounrn Chubode 


vanably affected by fasting (17 18) but in our 
patients both arterial and venous values were 
normal under such circumstances Impaired am 
mooia tolerance m liver disease (2)» however 
permits abnormal augmentatiems of blood am 
moma following the ingestion of protein (19) 
blood (20) and other mtre^enous material (1) 
The highest ammonia concentrations \n coma 
Itself were also found by us to be related to these 
factors During treatment with protein with- 
dra\val and oral broad spectrum antibiotics which 
presumably reduces the formation of ammonia 
and other toxic substances by suppression or 
change of intestinal flora (7 21 22) arterial 
ammonia concentrations fell towmds but seldom 
to normaL Simultaneous!} clmical improve- 
ment often occurred and the dechne in arterial 
ammonia \’alues was earlier and greater in pa 
tients who subsequently recovered 
The finding of rising arterial ammonia concen 
trations later m the course of fatal cases despite 
continued treatment and the absence of gastro- 
intestinal bleeding or uremia could only some 
limes be related to release of ammonia from 
peripheral tissues or brain Possible additional 
sources of ammonia include the kidneys which 


function abnormally m hepabc coma (23), and 
the failing liver, as high ammcmia levels have been 
reported m renal and hepatic vem blood in hepatic 
coma (7, 16) The parent compound is unknown 
and cxtensi\e investigation of the phenomenon of 
ammonia release from mouse brain failed to iden- 
tify its ongm (24, 25) It is relevant however, 
that Diamox® ina> liberate ammonia from the 
bram by direct inhibition of enzyme function with 
elevation of arterial ammonia levels and the pro- 
duction of impending hepabc coma (18), and it 
also releases ammonia from the kidney into the 
renal vem (26) 

The high inadencc of elevated arterial am- 
monia concentrabons in hepabc coma, wath a 
terminal nse in fatal cases or a prompt fall on re- 
co\ cry supports incrimmabon of ammonia intoxi 
cation m the genesis of tlie condition Howc\cr 
the relabonship between clinical status artenal 
ammonia concentrabons and ammonia uptake b} 
brain and muscle reported by others (8 9) is at 
variance with the frequently poor correlabon in 
our pabents The occasional finding of normal 
i.-alucs m coma also demands consideration 

Ammonia uptake bj the brain resulting in dc 
pletion of asTubblc o-k-ctoglutarate (27) has been 
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suggested as the basic disorder of cerebral metabo- 
lism m hepatic coma (8) , but our findings suggest 
that remo^•al of ammoma maj be accomplished 
mthout injur} to the orgamsm and that clinical 
detenoration is more readily related to failure of 
this remoi-al system Thus, although uptake of 
ammonia at the penpherj^ occurred m the earlier 
stages of coma, the effiaency of this process was 
impaired relative to normal capaat} , usuallj to an 
extent that could not be explained by increased 
blood flow in hepatic disease Under these ar- 
cumstances, progressne detenoration in ammoma 
removal would result in negligible uptake, eqm- 
libnum or e^ en release of ammoma by peripheral 
tissues and brain, despite high artenal concentra- 
tion Such findings were, in fact, characteristic 
of the late stages of coma in our patients 

An increased metabohc load is throw n on 
brain, muscle and other tissues by the abnormal 
and prolonged nses in blood ammonia which fol- 
low absorption of ammoma from the portal vein 
in some patients with bver disease (2) This 
maj explain the impairment of penpheral am- 
moma uptake which w as found even in the absence 
of hepatic coma, and stresses the importance of 
these adjm'ant sites of ammonia remoral The 
:-existing effiaenc)' of these pathways maj 
refore determine the onset of coma in some 
tances, and minor oierloading could account 
the personality changes (28) and EEG ab- 
normalities (29) sometimes obseri'ed in liver dis- 
ease m the absence of objective neurological 
changes The threshold of coma, depending on 
the magnitude of the insult and previous effiaenej 
of cerebral and penpheral tissue ammonia re- 
moral is therefore unlikely to be closelj related 
to blood ammonia concentrations, which reflect 
ammonia denved from the gastrointestinal tract 
modified bj endogenous uptake and release at 
ranoiis sites 

Endence of derangement of intermediary me- 
tabolism bi ammonia was obtained bj the ad- 
ministration of ammomum chlonde to patients 
wnth li\cr disease The deration of blood pjTU- 
rate and a-ketoglutarate m response to this pro- 
cedure suggests that the high keto-acid values 
found in hepatic coma were also related to im- 
paired ammonia metabobsm, although imperfect 
metabolism b} a failing liver (30) maj be an ad- 
ditional factor Biochemical interpretation of 


these changes is difficult as pjuiiv'ate and a-keto- 
glutarate may be inv oh ed simultaneously in more 
than one reacbon 

The nse in p 3 ruvate and a-ketoglutarate con- 
centrabons in response to ammonium chloride in- 
fusion m hver disease is compaUble wnth a defect 
m intermediary metabolism (11) It is therefore 
relevant that Amatuzio, Shnfter, Stutzman, and 
Nesbitt (31) demonstrated accumulation of blood 
P 5 Tm'ate m response to glucose infusion in hepabc 
coma, a finding w hich w ould be m accord w ith in- 
hibifaon of final glucose oxidation by the high 
blood ammonia content in this condition The de- 
la} ed fall in p}Tuvate values found in control sub- 
jects receiving ammonium chlonde could result 
from ublizabon of p}ruvate in the bssues for 
transaminabon reacbons 

Addibonal biochemical findings in hepabc coma 
compabble wnth deranged ammonia metabolism 
include high blood concentrabons of glutamine 
(32), asparagine (33), and other amino aads, all 
of which may reflect increased amidabon and 
transaminabon involved in disposal of ammonia 
Prease details of the metabolic disorder sbll re- 
main uncertain and our mvestigabon faded to sup- 
port or exclude tlie theoiy of cerebral a-ketogluta- 
rate deplebon (8) Augmentation rather than re- 
moval of penpheral blood a-ketoglutarate occurred 
m response to ammomum chlonde admimstrabon 
in pabents with liver disease and greatly increased 
amounts were av’ailable in tlie blood in hepabc 
coma Nev'ertheless, the “blood-brain burner” 
(34) may prevent replenishment of this keto-acid 
in the brain from penpheral blood (8) Examina- 
tion of the spinal fluid revealed comparatively 
small quanbbes of a-ketoglutarate, which is com- 
pabble with the h}'pothesis that it passes from 
blood to spinal fluid wath difficult}', but the 
higher concentrations present in hepatic coma fail 
to exclude its availability to the brain 

Certain pracbcal points are emphasized by this 
invesbgabon It was confirmed that similar chm- 
cal and biochemical abnormalities occur m hepabc 
coma regardless of the etiolog} of the liver disease 
or nature of the preapitabng factor (7) Blood 
ammonia esbmabons, parbcularl} artenal concen- 
trabons, may be of diagnosbc assistance in the 
fasbng pabent, but the close relabonship postu- 
lated bebveen artenal values, bssue uptake of am- 
monia and climcal status (9) was unreliable be- 
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cause blood ammonia concentrations reflect the 
amount of ammoma entenng the arculation from 
the gastrointestinal tract and elsewhere modifled 
by release as well as uptake in vanous tissues and 
the relationship between these factors is variable. 
The results of this investigation suggest the em 
ployment of antibiotics in treatment of hqiatic 
coma (35) Glutamic aad also reduces blood 
ammoma values (36 37) and its variable effect 
as a therapeutic agent may in part be due to rela 
tive impotence m the presence of a large influx of 
ammonia in the non protem depnved patient or 
the transient nature of its action in severe hver 
disease (38) On the other hand, its precursors 
ammonia and o-ketoglutaratc were found in ex- 
cess in pcnphcral blood in hepatic coma and ele- 
vated concentrahons of glutamic aad itself have 
been reported in this condition (39) It appears 
from these considerations that assessment of any 
agent in the therapy of hepatic coma should be 
compared with the effect of proton depnvation 
and include estimations of arterial ammonia con 
centrations while also taking into account the 
importance of nitrogenous material m the gastro- 
intestinal tract 

SUMMAiY 

1 In 27 patients studied in hepabc coma blood 
ammonia concentrabons ncre more frequently 
elevated m the artery than m the penpheral von 
but a good correlabon wth clinical status was cvi 
dent at nothcr site. Fasbng pabents with un 
complicated liver disease had normal blood am- 
monia concentrabons and the hoght of artenal 
values m hepabc coma was broadly rebted to the 
amount of mtrogenous material in the intesbnes 
Values fell towards normal with proton withdrawal 
and broad spectrum anbbiobc therapy but a later 
elcNTition occurred m fatal cases despite conbnu 
abon of this regimen. The origin of this ammoma 
WTLS uncertain and could only sometimes be at 
tributed to release from brain or muscle. 

2 Uptake of ammonia by penpheral tissues u’as 
impaired in liver disease relative to normal ca 
pacity Dunog the late stages of coma poor up- 
take, equihbnum or release of ammoma b> penpb- 
eral bssues or brain occurred despite high arterial 
concentrabons 

3 Elevation of blood pyruvate and o-ketoglu 
biratc value* paralleled the high blood ammoma 


concentrabon m hepabc coma. A nse in blood 
concentrabons of these keto-aads followed the 
administrabon of ammomum chlondc to pabents 
with hver disease but did not take place in con 
trol subjects It is suggested that the high con 
centrabons of keto-aads in hepabc coma repre- 
sent a defect in mtermediaiy metabolism due to 
impaired ublizabon of ammonia and faulty re- 
moval from the blood by a diseased hver Con 
centrabons of p 3 rTuvate in cercbro-spinal fluid 
were comparable to those in arterial blood but 
rclabvdy small amovmts of o-ketoglutarate were 
foimd there, although values were above normal 
in hepabc coma 

4 The significance of blood ammonia concen 
trabons m hepabc coma must take into account 
ammonia entering the system from the gaslroin 
testinal tract uptake or release of ammonia at 
various sites and the possibility of prc-exisbng 
defects m ammoma utHmug systems Protem 
withdraw’al with broad spectrum antibiohcs ef 
fccbvely reduced blood ammoma values 
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When a mineral aad is administered to ammal 
or man a substantial fraction is buffered m sites 
other than blood or mterstitial fluid Van Slyke 
and CuUen (1) first observed that total blood voL 
ume could account for the buffering of only one- 
sixth of a mmeral aad load and suggested that 
buffer substances throughout the bod> including 
those of the tissues are utilued in the defense 
against metabohe aadosis Recent studies in sev 
eral labonitones have provided more detailed 
quantitative data on the internal distribution of 
administered hydrogen ions, Sv.’an and Pitts (2) 
in nephrectomized dogs and Schv.’artz Jenson and 
Reiman (3) in normal human subjects have dem 
onstrated that only about one-half of a mineral 
aad load is buffered m the extracellular space and 
red blood cells The rcmaimng hydrogen ions 
exchange with sodium and potassium from tissue 
and bone and are presumably buffered in these 
areas 

The purpose of this investigation was to deter 
mme whether the partition of administered hydro- 
gen ions bet^'cen the mtra and extracellular 
phases is the same r^urdless of the magnitude 
of the aad load or whether variation m the se- 
venty of the aadosis results in preferential ubli 
zation of one or the other of the buffer compart 
ments In the present experiments the distribution 
of hydrogen was determined in dogs made progres- 
si\dy aadotic by the intravenous admimstration 

1 This rtvdy wai wpported in part by fijanu from the 
National Heart Institute of the NaUooal lortitutes of 
Health, United States Public Health Service, the Ameri 
can Heart Association and the Massachofctts Heart 
Association, 

* This work was done dunng the tenure of an Estab- 
lished InTesUgatorship of the Atncrican Heart Associa 
tioa 

* Supported by a Rrant from the Royal Norwegian 
Mmlitry of Foreign Affairs and by a FuIbriRht TravH 
Grant 

* This v.-orL was done during the tenure of a Research 
Fellowship of the American Heart Assodatioo. 


of hjdrochlonc aad. The data demonstrate that 
when eqmUbnum is allowed to occur the partition 
of hydrogen ions between extracellular and mtra 
cellular buffers is esscnUallv unaffected by the 
degree of aadosis 

MATERIALS AND METHODS 

Expenments were perfonned in 24 healthy mongrel 
dogs weighing from 10,5 to 21,8 Kg Small doses of 
tiMJrplnne were used for sedation during the preparatory 
mampulatiom. The femoral artery and vein were can 
nnlated with polyvinyl catheters An todwelling catheter 
was inserted in the bladder and a Levine tube was in 
troduced into the stomach and left m place for the dura 
tion of the expcnnicnL Hepanniied arterial blood was 
collected ancroblcajly for determination of pH, total 
carbon dioxide content, sodium potassium, chloride, he- 
matocrit, hemoglotmi and total protein. Xleasm-emeots 
were roade of unnary Utratable add, ammonium, phos 
phoruf aodhan, potassiom, and chJonde. The voltane of 
gastric juice was measured p^rudiatSy and a 5 hx. all 
qoot was rcmo\"ed for delcnmnatKra of total aad content 
The remainder of the gastnc content was promptly re- 
turned to the stomacK The analytic procedures employed 
in tHs study have been described In a prcviooi paper 
from this laboratory (4) FoUowmg a control period 
of 30 to GO minutes during which urine and several blood 
samples were collected, hydrochloric acid in isotonic glu 
cose u'as administered intravenously by means of a Bov 
man mfusion pump. Employing concentrations of OJ to 
12 N hydrochloric aad, it w-as onCnanly possiUe to 
Umit the amount of fluid given to less than 5 per cent of 
estimated total body water At the compleffon of the 
expenments, most of the animals were sacrifleed and 
the volume and total aadily of the stomach contents de- 
termined, The imall Inteibne was also regularly ex 
andned, but the volume of fluid was small and no mcas 
urement of volume or composition was attempted. 

Two types of expenments were performed. In the first 
group of 14 eontinuoiu infusion expenments bydro- 
chlonc add was administered without imerraption tmUl 
the animal died or the plasma bicarbonate concentratlcm 
(ell to less than 5 mEq per L In 11 experiments the 
rate of add infosion was roughly 80 microwpiivalents per 
kilogram per minute and In three IGO mi crocquivalents 
per kilogram per minute. In the second group of ten 

Infusion expenments h>’drochloric add was 
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TABLE I 

Effteis of corJtnuotu infusion of hydrochloric acid 

Dog Xo 98 \\ eight J4 1 Kg , HCl 0 750 N m 5% glucose infused at approxunatcU SO microetjunTilents/Kg /mm , 

Hemoglobin 17 2 Gm /lOO cc , Hematoent 41 5%, Plasma protein 5 8 Gm /lOO cc 


A Experimental ohstrcaiions 


Total 

riapeed 

time 



Plasma 





Urioe 




Gaitrlc jqlcc 

pH 

pCO, 

, HCOi 

a 

Na 

K 

Flow 

pH 

NH. 

TA 

Cl 

Na 

K 

Volume Total H 











fEe/ 

fSjj ! 


iiEe / 



rrtn 


rtrt Be n&j fL. 

m£j iL, mE^ /Ls mEq /L, cc /ran 


tnin 

min 

mirt 

min 

min 

cc 

mEj] 

-39 

7 37 

43 

24 2 

111 

146 

35 










0 

7 37 

45 

25 4 

112 

146 

36 

0 35 

6 70 

9 

2 

29 

18 

28 

5 

0 


HCl infusion begun at 0 mm 

at 1 35 

cc /min 










IS 

7 28 

46 

20 7 













30 

7 26 

41 

17 7 

118 

144 

36 










60 

7 14 

38 

12 4 

124 

141 

39 

0 35 


8 

18 

12 

6 

18 

13 

0 

90 

7 06 

33 

9 1 

127 

141 

4 2 










120 

6 94 

30 

63 

130 

140 

52 

0 63 

5 34 

22 

12 

65 

26 

34 

23 

01 

150 

6 81 

22 

34 

134 

138 

65 










165 

6 73 

20 

2 5 













180 

6 68 

17 

20 

134 

133 

84 

0 37 


8 

59 

47 

22 

24 

0 

0 

201 

Dog died 

Gastnc content at autopsy 35 cc 

, containing 0 35 mEq 

H+ 







B Derived data 


DlitribuUon of admlnlsttrod bi'drocen ionj 


Total — — Shuts In 1C elfCfToIjdes 


ciipsM 

time 

ECF 

volume* 

H>tJrot:en 

Urinet 

Gastric 

ECF 

HCO, 

Plasma 

protein 

RBC 

HCOi 

Hcb 

ICF 

AN a 

AK 

mtn 

L. 

mEj 

mEq 

mEq 

mEq 

mCq 

mEg 

mEq 

mEg 

mEg 

mEg 

30 

2 91 

30 3 

0 

0 

20 

04 

1 6 

27 

5 

-7 

0 

60 

299 

30 3 

0 

0 

16 

04 

1 1 

3 2 

9 

-3 

-1 

90 

3 12 

30 3 

1 

0 

10 

03 

06 

2 1 

16 

-19 

-1 

120 

3 25 

30 3 

1 

0 

9 

04 

06 

33 

16 

-IS 

-4 

ISO 

3 35 

30 3 

0 

0 

10 

05 

06 

38 

IS 

-9 

-5 

180 

3 56 

30 3 

0 

0 

5 

05 

03 

4 1 

20 

-11 

-8 


• Initial ECF tolume estimated as 20 per cent B\V (2 82 L ) 

t Unne tvas collected less frequently than blood, and unne aad losses ncrc assumed to be constant over the collection 
interval 


administered in an interrupted manner, each experiment 
consisting of a senes of 45-mmute infusions dunng nhich 
aad was gi\en at the rate of approximatelj SO micro- 
equivalents per kilogram per minute. A two-hour equih- 


bration penod y “ 

' owed after each of tfir infusion pc- 

nods - Blood 

were obtained 

inning 

and end of c,. 

ion, and sen 

, 5 and 

120 minutes 

been disc.. 

all 

expenmenj a 

lalitc lose 

ICC 

was less 

or less oi 


incrcmcn 

momum 


aad) k 

the ad-mi 


Seteral 

on expe 


cxclud' j 
lo'ces ct. 

gastnc 


“ This 1 

It was fo„ 
tration w b 
stopped wc 




Calculations 

Hjdrogen ion balance was calculated m a manner 
prenously desenbed (3) Retained aad was taken as the 
difference between hjdrochlonc aad admimstcred and 
the increment in gastnc acid secretion and unne aad 
excretion (ammonium plus fatratable aad) The distri 
bution of hjdrogen ion in the buffers of the blood was 
estimated in the fashion desenbed bj Singer and Hastings 
(5) Tor these calculations blood solume svas taken to 
be 70 cc, per kilogram of bodj waght, and red cell and 
plasma solume were considered to be constant, ignoring 
the sm"*^ "sr introduced bj wathdrawal of blood. 

Initial f lar fluid volume was taken to be 20 per 

cent o t and subsequent alterations estimated 

om c, e "chlonde space.” The buffer con- 

tw lar bicarbonate was calculated from 

in plasma concentration wath the 
nnan and plasma water correction 
llular buffering was taken as the 
retained hydrogen ions and that 
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buffered fay the extracellnUr space.* Internal exchanges 
of sodhtm and potasunm v.*ere estimated in the tmal 
&shlon from chlonde space" caknlatioQS. Shifts of 
potasshnn were interpreted on the aisnmpticm that there 
v.'cre no sJgnlhcant changes m mtrogcn balance jn the 
course of the experiment. Hemolysis was seen frc’ 
quently at bicarbonate levels oi less than 6 mBq per L, 
bat its effect upon calculated potassmm stdfti was Ig 
nored since the potuslam content of dog erythrocytes is 
only from 4 to 12 rnEq. per L. (7) 

RESULTS 

Part I Conftnuoits mftman txpenmenu 

Disinbuiion of hydrogen ions among the body 
buffers Table lA summarizes the data from one 
of 14 experiments in which aad ivas infused con- 
tinuously The upper half of Figure 1 shows the 
plasma bicarbonate concentration plotted as a 
function of time m minutes The rate of decrease 
m bicarbonate concentration was initially rapid 
but slowed prc^ressively during the expenment 
Thus m the first half hour a reduction of 8 mEq 
per L. occurred but m the last half hour of the 
study an equal quantity of mfused aad reduced 
bicarbonate concentration by only 1 4 mEq per 
L Twelve of the 14 expenments demonstrated a 
similar pattern of change m plasma bicarbonate 
concentration. 

Table IB gives the calculated values for dis- 
tribution of aad based upon measurements made 
at regular intervals during the course of the aad 
infusion Acid distribution between mtracellular 
and extracellular fluid for each period of infusion 
IS shown non m the lower half of 

Figure I and in Table IB and demonstrates an 
apparent small intracellular buffer contribution 
early in the stud> wnth a much larger intraccHuIar 
buffer coutribution during the latter part of the 
cxpenmenL Thus extracellular buffer* accounted 
for 83 per cent and mtracdlubr buffer* 17 per 
cent of the first 2 1 mEq per kilogram of aad 
administered In contrast, during the final pe- 

*Rcd blood ctH bafferi make a relatiTcIj »maU and 
constant contribaUon to total buffering and have been 
included with the buffer* of the cxtraccUolar fluid The 
term “intracenolar'* i* tt*<!d broadly in this di*ca*iion to 
refer to all ncm-exlracellolar area* in vrhich hydrogen 
bufferfafir might occur Thi* probably include* not only 
muscle aad other *oft tistues but also bone, which ha* 
been dcroonitrated to have a Urge labile store of »odiuro 
and potassiani (6) 




Fic. L Tbc EmcT* or Connituous Iifruno't or 
HvziMCitLORic Aero 

plasma bicarbonate concentration is ihcrpm m the 
upper portion. Calculated hydrogen dutnbutlon is 
*hown non-cumvhlrcf!y m the lower portion. Note the 
exponential fall in plasma bicarbonate concenlrabon and 
the apparent progrewive mcreaic in Intracellular buffer 
ing a* acidosj* become* more severe. 

nod of the expenment the extracdlular space buf 
fered only 34 per cent of the last 2 1 mEq per 
kilt^ram of aad administered the mtraccJlnlar 
phase now ha^mg buffered 66 per cent 

In the group of 14 continuous aad infusion ex 
penments the total aad administered varied from 
6.B to 15 8 mEq per Kg a quantity sufflacnt to 
reduce phsma bicarbonate concentration in each 
case to less than 5 mEq per L, Xlgurc 2 sum 
manzes the caknilaticms of intracellular buffering 
for the entire group of continuous infusion ex 
penments Intracellular buffering for the 14 cx- 
penraents is plotted against lotiil administered 
aad but in a non cutntthlnre fashion. Each point 
therefore represents only that buffering caJeu 
lated to have occurred m the immediately preced 
mg penod of infusion The overall pattern for 
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TABLE I 

Ejects of continuous infusion of hydrochloric acid 

Dog No 98 Weight 14 1 Kg HCl 0 750 N m 5% glucose infused at approximatelj SO microequw’alents/Kg /min , 
Hemoglobin 17 2 Gm /lOO cc. Hematoent 41 5%, Plasma protein 5 8 Gm /lOO cc 


A Experimental obserraltotts 


Total 

rbpsod 

time 



Plasma 





Urine 




Gastric Juice 

pH 

pCOi 

1 HCOi 

Cl 

Na 

K 

Flow 

pH 

NHi 

TA 

a 

Na 

K 

Volume Total H 










pEo/ 

mEc / 

iiEc/ 

pEv / 

pEo/ 



mtn 


nm /If mEtj /L. mEq /L 

tnEq /L. mEq /L 

cc^/min 


mtn 

mtn 

mtn 

nun 

min 

cc 

mEq 

-39 

7 37 

43 

24 2 

111 

146 

35 










0 

7 37 

45 

25 4 

112 

146 

3 6 

0 35 

6 70 

9 

2 

29 

18 

28 

s 

0 


HCI mfusion begun at 0 min 

at 1 35 cc /min 









IS 

7 28 

46 

20 7 













30 

7 26 

41 

17 7 

118 

144 

36 










60 

7 14 

38 

12 4 

124 

141 

39 

0 35 


8 

18 

12 

6 

18 

13 

0 

90 

7 06 

33 

9 1 

127 

141 

4 2 










120 

6 94 

30 

63 

130 

140 

5 2 

0 63 

5 34 

22 

12 

65 

26 

34 

23 

01 

ISO 

6 81 

22 

34 

134 

138 

65 










165 

6 73 

20 

25 













180 

6 68 

17 

20 

134 

133 

84 

0 37 


8 

59 

47 

22 

24 

0 

0 

201 

Dog died 

Gastnc content at autopsy 35 cc » containing 0 35 mEq H'*' 







B Derived data 


Total 

elapsed 

time 

ECF 

Nolume* 

Hjdrogen 

infused 


Distribution of administered hydroctn ions 


Shifts io IC clectrolytef 

ANa AK 

Urinet 

Gastric 

ECF 

HCOi 

plasma 

protein 

RBC 

HCOi 

Hub 

ICF 

tnin 

L. 

mEti 

mEq 

mEq 

mEq 

mEq 

mEq 

mEq 

mEq 

mEq 

mEq 

30 

2 91 

30 3 

0 

0 

20 

04 

1 6 

27 

5 

-7 

0 

60 

2 99 

30 3 

0 

0 

16 

04 

1 1 

32 

9 

-3 

-1 

90 

3 12 

30 3 

1 

0 

10 

03 

06 

2 1 

16 

-19 

-1 

120 

3 25 

30 3 

1 

0 

9 

04 

06 

33 

16 

-IS 

-4 

ISO 

3 35 

30 3 

0 

0 

10 

05 

06 

38 

15 

-9 

-5 

180 

3 56 

30 3 

0 

0 

5 

05 

03 

4 1 

20 

-11 

-8 


* Initial ECF volume estimated as 20 per cent B\V (2 82 L / 

t Unne w-as collected less frequently than blood, and unne acid losses were assumed to be constant over the collecUon 
interval 


administered in an interrupted manner each CApenraent 
consisting of a senes of 4S-minutc mfusions dunng which 
aad was given at the rate of approximately 80 micro- 
equivalents per kilogram per nunute. A tvvo-hour equili- 
bration penod was allowed after each of the infusion pe- 
nods ' Blood speamens w ere obtained at the begirming 
and end of each aad infusion, and senallj 60, 105, and 
120 minutes after aad had been discontinued. In all 
expenments reported the cumulative loss of gastnc juice 
was less than 100 cc. (10 mEq or less of H*) and unne 
increment in aad excretion (ammomum plus titratable 
aad) less than 10 per cent of the admimstered load. 
Several additional intermittent infusion expenments were 
excluded from the studj because gastnc or unnarj 
losses considerably exceeded these limits 


- This interval was used because in preliminary studies 
It was found that the nse m plasma bicarbonate concen- 
tration vvhich began immediatelj after each mfusion was 
stopped, was essentiaDj complete m two hours 


Calculations 

Hydrogen ion balance was calculated in a manner 
previously desenbed (3) Retained aad was taken as the 
difference between hydrochlonc aad admimstered and 
the increment m gastnc aad secretion and unne acid 
excretion (ammomum plus titratable aad) The distri- 
bution of hjdrogen ion m the buffers of the blood was 
estimated in the fashion desenbed by Smger and Hastmgs 
(5) For these calculations blood volume was taken to 
be 70 cc. per kilogram of body weight, and red cell and 
plasma vmlume were considered to be constant, ignonng 
the small error mtroduced by withdrawal of blood. 
Initial extracellular fluid volume was taken to be 20 per 
cent of body vvaght and subsequent alterations estimated 
from changes in the "chlonde space" The buffer con- 
tnbuUon of extracellular bicarbonate was calculated from 
the observed reduction in plasma concentration with the 
use of a combined Donnan and plasma water correction 
factor of 1 11 Intracellular buffenng was taken as the 
difference between total retained hydrogen ions and that 
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buffered by the ejctraccllulix fpace.* InlenuJ exchanges 
of Boditon and potassium were estimated in the usual 
fashion from "chloride space” calculations. Shifts of 
potassium were mterpreted tm the assumption that there 
were no significaait changes in mtrogen balance in the 
course of the experiment. Hemolysis was seen fre- 
quently at bicarbonate levels of less than 6 mEq per L,, 
but its effect upon calculated potassium shifts was ig- 
nored since the potassium content of dog erythrocytes is 
only from 4 to 12 mEq. per L. (7) 

RESULTS 

Parf / Conftnuoiti »n/itjTon expenutenis 

DtsiribiiUon of hydrogen torn flwiow^ the body 
buffers Table lA Bummanzes the data from one 
of 14 experiments in which aad Vi'as infused con 
tmuously The upper half of Figure I shows the 
plasma bicarbonate concentration plotted as a 
function of time m mrnntes The rate of decrease 
m bicarbonate concentration was imtially rapid 
but slowed progressively during the expenment 
Thus in the first half hour a reduction of 8 mEq 
per Lm occurred but m the last haK hour of the 
study an equal quantity of infused aad reduced 
bicarbonate concentration by only 1 4 mEq per 
L Twelve of the 14 expenments demonstrated a 
similar pattern of change in plasma bicarbonate 
concentration. 

Table IB gives the calculated values for dis- 
tnbution of aad based upon measurements made 
at regular intervals during the course of the aad 
infusion Aad distnbotion between intracellular 
and extracellular fluid for each penod of mfusion 
IS shown non~cumulatnely in the lower half of 
Figure 1 and in Table IB and demonstrates an 
apparent small intracellular buffer contribution 
early in tlie stud) vnth a much larger intracellular 
buflfer contnbution during the latter part of the 
expenment Thus extracellular buffers accounted 
for 83 per cent and intracellular buffers 17 per 
cent of the first 2 1 mEq per kilogram of aad 
administered In contrast dunng the final pe- 

•Red blood cdl buffers make a relatively small and 
coostant contnbotion to total buffering and have bets 
included Tkith the buffers of the extracellular fluid. The 
term InlracellDlar” is used broadly In this discussion to 
refer to all non-cxtracellnlar areas In which hydrogen 
buffering might occur This probably loclndcs not only 
muscle and other soft tissues but also bone, which has 
been demonstrated to have a brge labile store of sodmm 
and polasiium (6) 




Fro. 1 Thz Emers or Coimnuous Nnisiox op 
Hyuiocttuajc Acn> 

Plasma bicarbonate concentraticm is shown in the 
upper portion, Cakubted hydrogen distribution U 
shown fjcm-famalohrffy m the lower portion, Note the 
exponential fall m plasma bicarbonate cnocenlralion and 
the apparent progressive mcrease m intracellalar buffer 
mg as aadosis becomes more severe, 

nod of the expenment the extraxrcUular space buf 
fered only 34 per cent of the last 2 1 mEq per 
kilogram of aad administered the intracellular 
phase now having buffered 66 per cent 

In the group of 14 continuous aad mfusion ex 
penments the total aad administered vaned from 
6B to 15 8 mEq per Kg,, a quantit) suffiaent to 
reduce plasma bicarbonate concentration in each 
case to less than 5 mEq per L Figure 2 sura 
manzes the calculations of mtraccnular buffenng 
for the entire group of continuous infusion ex- 
periments Intracellular buffenng for Uic 14 ex 
penraents is plotted against total administered 
aad but in a non-eumulattve fashion Each point, 
therefore, represents only that buffenng calcu 
lated to have occurred in the immcdialel\ prcccd 
mg penod of infusion The mcrall pattern for 
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TABLE 1 

Effects of conUnumis xnfusson of hydrochloric acid 

Dog No 98 \\ eight 14 1 Kg HCl 0 750 N in 59o glucose infused at approximateh 80 microequit'alents/Kg /nun , 

Hemoglobin 17 2 Gm /lOO cc Hematoent 41 5%, Plasma protein 5 8 Gm /lOO cc. 


A Experimental observations 


TotrJ 



Pbma 





Urine 




Gastric jolce 

tiine 

pH 

pCOi 

1 HCOi 

a 

Na 

K 

Flow 

pH 

NHi 

TA 

Cl 

Na 

K 

Volume Total H 










liEq / 

(lEe / 


(lEe / 

iiEe / 



rrm 


mn Hf mEc /L. TnEq /L. mEii /L mEq fL, ccjmtn 


min 

min 

min 

mm 

min 

cc 

mE^ 

-39 

7 37 

43 

24 2 

111 

146 

35 










0 

7 37 

45 

25 4 

112 

146 

36 

0 35 

6 70 

9 

2 

29 

18 

28 

5 

0 


HCl infusion begun at 0 min 

at 1 35 cc /mm 










15 

7 28 

46 

20 7 













30 

7 26 

41 

17 7 

118 

144 

36 










60 

7 14 

38 

12 4 

124 

141 

39 

0 35 


8 

18 

12 

6 

18 

13 

0 

90 

7 06 

33 

9 1 

127 

141 

42 










120 

6 94 

30 

6.3 

130 

140 

5 2 

0 63 

5 34 

22 

12 

65 

26 

34 

23 

0 1 

150 

681 

22 

34 

134 

138 

65 










165 

6 73 

20 

2 S 













180 

6 68 

17 

20 

134 

133 

84 

0 37 


8 

59 

47 

22 

24 

0 

0 

201 

Dog died 

Gastnc content at autopsy 35 cc 

, containing 0 35 mEkj 

H+ 







B Derived data 


DUtrihuUon of administered h> drosen Ions 


Total 

elapsed 

time 

ECF 
^ olume* 

ni*drocen 

infused 

Urinet 

Gastric 

ECF 

HCOi 

Plasma 

protein 

RBC 

HCOi 

HEb 

ICF 

Shirts in IC 

ANa 

electrolytes 

AK 

rttn 

L. 

mEq 

mEq 

mEq 

mEq 

mEq 

mEq 

mEq 

mCq 

mEq 

mEq 

30 

2 91 

30.3 

0 

0 

20 

04 

1 6 

27 

5 

-7 

0 

60 

2 99 

30 3 

0 

0 

16 

04 

1 1 

32 

9 

-3 

-1 

90 

3 12 

30 3 

1 

0 

10 

03 

06 

2 I 

16 

-19 

-1 

120 

3 25 

30 3 

1 

0 

9 

04 

06 

33 

16 

-15 

-4 

150 

3 35 

30 3 

0 

0 

10 

05 

06 

3 8 

IS 

-9 

-5 

180 

3 56 

30 3 

0 

0 

5 

05 

03 

4 1 

20 

-11 

-8 


• IniDal ECF volume estimated as 20 per cent B\V (2 82 L ) 

t Unne was collected less frequently than blood, and unne acid losses were assumed to be constant over the collection 
interval 


administered m an interrupted manner each expenment Caleiilaiions 

consisting of a senes of 45-minute infusions dunng which Hjdrogen ion balance nas calculated in a manner 
acid N%as gisen at the rate of approximately 80 micro- pje^ouslj desenbed (3) Retained aad tvas taken as the 

equi\-alcnts per kilogram per minute. A two hour equili- (jifferencc between hjdrochlonc aad administered and 

brauon penod was allowed after each of the infusion pe- increment m gastnc aad secretion and unne acid 

nods"> Blood speamens were obtained at the beginning excretion (ammonium plus titratable aad) The distn- 
and end of each aad infusion, and senallj 60, 105, and hjdrogen ion m the buffers of the blood was 

120 minutes after aad had been discontinued. In all ^umated in the fashion desenbed by Singer and Hastings 
expenmenU reported the cumulative loss of gastnc juice (5) these calculations blood volume was taken to 

was less than 100 ca (10 mEq or less of H*) and unne he 70 cc. per kilogram of bodj waght, and red cell and 

increment in aad excretion (ammonium plus titratable plasma volume were considered to be constant, ignoring 

aad) less than 10 per cent of the admimstered load. the small error introduced by withdrawal of blood. 

Several additional intermittent infusion e.xpcnments were Initial extracellular fluid volume was taken to be 20 per 

excluded from the study because gastnc or unnarj cent of body waght and subsequent alterations estimated 

losses considerablj exceeded these limits from changes m the ' chlonde space.” The buffer con- 

tnbution of extracellular bicarbonate was calculated from 

’This interval was used because in preliminarj studies the observed reduction in plasma concentration with the 

it was found that the nse m plasma bicarbonate concen- use of a combined Donnan and plasma water correction 

tration which began immediately after each infusion was factor of 1 II Intracellular buffering was taken as the 

stopped, was es'enballv complete m two hours difference between total retained hydrogen 10ns and that 
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TABLE H 

Effedt of tnternnUait tnfusion of kydnxilortc aad 

Dog No- 8S, Weight 21-S Kg HCl 1 16 N In 5% glucose infused at appronmately 80 microequK’alcnt»/Kg /mlo. 
Hemoglobin 16 4 Gm /lOO cc. Hematocnt 52% Plasma protein 6.2 Gm /lOO cc. 


A Ex{>ertmeHUil i^scrvaltans 


Tot*J Plasma Urioe Gwtric/ake 


time 

UH pCOt 

HCO. 

a 

Na 

C Flow pU 

NH« 

TA 

a 

N» 


VoiameToUlH 

min 

n 

*. St m£4JL. tejmn 

rSnV 

mtM, 


/ nEtJ rEaj 
m*- min, anit. 

et. 

mE? 

-101 

7J9 

33 

19 1 

112 

147 

30 








0 

7.36 

35 

19 0 

112 

147 

3 1 021 62 

11 

5 

40 

45 

11 

0 

0 


HCl infused from 0-45 min at 1 46 cc./mln 








45 

7.23 

26 

10.5 

122 

(44 

36 








105 

732 

26 

130 











150 

7J7 

23 

13 0 











165 

7J5 

24 

13 1 

120 

145 

4 0 OSO 6 0 

19 

15 

59 

36 

53 

25 

14 


HO infused from 165-210 mio 

at 1 49 cc./nun. 








210 

? 10 

17 

5.2 

132 

143 

46 








J70 

7J0 

19 

7J 











315 

7.25 

18 

7 7 











330 

7JS 

17 

74 

126 

142 

6-4 016 

2 

1 

8 

2 

7 

5 

t 


HCl Infused from 330-375 rain 

at 1 44 cc./mm 








375 

6.87 

7 

12 

138 

140 

72 








435 

7 07 

8 

22 











480 

706 

9 

24 











495 

709 

10 

30 

132 

139 

00 






85 

70 


Aniraal tacrificed 

(jastnc content at aqtopey 65 cc. eontatning 7 0 mEq 





B Derived dala 






DtttrtbotloB o( adiDialamcd b-rdrotto letu 



Shifu is IC tkctrolTfta 


ECF 




ECF Plaam 



ICP 


AN» 


ajc 

jjertod 

Yota me* 


lolttfrU 

Urln* 

GotHc 

HCO* jvotdn 

HCO 






L. 


mE4 

•c* 

mOt 

«£« mE4 

mSi 




-fit 



I 

AMI 


77 

3 

1 4 

25 01 

24 

u 

44 


-29 


-12 

11 

4 95 


76 

0 

0 

27 04 

22 

3.2 

45 


-34 


-13 

III 

5 22 


76 

0 

56 

23 0.S 

1 8 

68 

38 


-22 


-13 


* Initial ECF volume estinutcd as 20 per cent BW (4 36 L.) 
t A»»imed to ha\tb been same os penod I 


pH and pCO^. The mean control pH ^tis 7.35 
{7J2B to 7 45) pH rc^larly fell dunng nad 
adnunlstrabon tn a roughly linear fashion The 
mean final pH was (574 (645 to 7 05) pCO, 
regularly fell in a roughly linear fashion dunng 
aad administration from a mean initial value 
of 42 4 mm Hg (32 to 49 mm Hg) to a final 
mean \’alue of 17 mm Hg (9 to 24 mm. Hg) 

Part II Intrmittlcnt mfitsion cxpmmetits 

UxiitibnUon of hydrogen tons aittang the bad\ 
buffers Tabic IIA and Figure 3 summarize data 
from one of ten experiments in which a ti\' 0 -hour 
cquiUbrahon penod nns permitted after each of 


a scries of 45-minute aad infusions In the up- 
per half of Figure 3 the penods of aad infusion 
are represented by the shaded areas Plasma 
bjcarboaate concentration fell sharply dunng each 
penod of aad admimstratiom rose sharply dur 
mg the first hour of equihbration and gradually 
levelled off by the end of Usu hours In this ex 
penment bicarbonate concentration rose dunng 
equilibration by an amount equal to approxnrtatelj 
30 per cent of the initial fall The bicarbonate 
decrements resulting from the first tv.o add m 
fusions V.CTC of the same order of magnitude but 
m the bst penod it nntis shghtl> less In each 
expenment tlie pattern of change in plasma bi 
carbonate concentration ivas essentially the same 
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the group appeared to be one of increasing intra- 
cellular buffer contnbubon dunng the first half of 
tlie expenment wath a gradual le% elling off as the 
intracellular contnbution approached 40 to 60 
per cent of the load The mean intracellular buf- 
fer contnbution was 16 per cent of the first incre- 
ment of aad as compared to a mean intracellular 
uptake of 55 per cent of the last equal increment 
In one entirelj atj-pical expenment there appeared 
to be a stead} decrement in intracellular buffenng 
EvtraccUular fluid volume Extracellular fluid 
Aolume, as estimated from clianges m “chlonde 
space,” increased steadil} dunng infusion in all 
expenments, as illustrated in Table I For the 
entire group the mean total increase m extracel- 
lular -volume was 15 per cent (6 to 26 per cent) 
Plasma electrolyte conecutratwus Plasma po- 
tassium concentration rose progressively in all 
animals from the mean control value of 32 mEq 
per L (2 5 to 3 6 mEq per L ) to a final mean 
\'alue of 6 6 mEq per L (5 0 to 10 9 mEq per 



Fig. 2. Apparent Intracellular Bupfer Contri- 
bution Duri c Continuous Infusio' of Hvbro- 
CHLORic Acid 

Intracellular bufTenng for the 14 expenments is plotted 
against total administered aad but in a non-cximulaU-'e 
lashion. Each point, therefore represents onlj that buf- 
fenng calculated to have occurred in the immediately 
preceding penod of infusion. Note the apparent nse m 
intracellular buffenng as aadosis becomes more severe. 


L ) The mean increase in concentration w as 3 4 
mEq per L (0 6 to 7 9 mEq per L ) 

Plasma sodium concentration decreased slightly 
but significant!} dunng infusion from the mean 
control value of 144 mEq per L (139 to 151 
mEq per L ) to a final mean value of 138 mEq 
per L (133 to 145 niEq per L ) 

Evehauges of electrolytes The estimated total 
shift of potassium from intracellular fluid for the 
group of experiments had a mean -value of 1 33 
(di091) mEq per Kg The estimated total 
shift of sodium from intracellular fluid for tlie 
group as a whole had a mean value of 326 
(it 1 67) mEq per Kg and compnsed roughly 
two-thirds of the estimated intracellular cation 
loss 



35 72 109 

■TOTAL H+ADMI ItSTEREO 
mEq /Kg. 

Fig 3 The Effects of Intersiittent Infusiox of 
HvDROcnuoRic Acid 

Plasma bicarbonate concentration is shown in the up 
per portion where the periods of infusion arc indicated 
bj the shaded areas Calculated hydrogen ion distribu- 
tion IS shown non cumulatively in the lower portion. 
Note the rebound in plasma bicarbonate concentration 
during the equilibration penod following each infusion, 
and the roughlj constant contnbutions of .extracellular 
and intracellular buffers at all degrees of aadosis 
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tracellular volume was 17 per cent (10 to 28 per 
cent) 

Plasma electrolyte coitceiitraitons Plasma po- 
tassium concentration rose progressively m all 
animals from the mean control value of 2 9 mEq 
per L (2,4 to 3 1 mEq per L ) to a final mean 
value of 6J mEq per L (5 5 to 8 5 mEq per L ) 
The mean increase m concentration was 3 8 mEq 
per L (2,9 to 5 4 mEq per E) 

Plasma sodium concentration decreased slightly 
but sigmficantly dunng infusion from the mean 
control values of 144 mEq per L (139 to 150 
mEq per L ) to a final mean value of 137 mEq 
per L (131 to 142 mEq per L.) 

Exchanges of electrolytes The estnnated shift 
of potassium from the mtracellular space had a 
mean value of 2 58 (± 1 16) mEq per Kg Ex 
cept for a consistently smaller shift with the first 
mfuaiom intracellular potassium loss ivas roughly 
constant for additional equal increments of aad 
This IS Vicll illustrated by data shown in Table II 

Renal excretion of potassium mcreased in all 
but the three experiments m which oliguna de- 
veloped In the seven expenments where unne 
volume remained at the control level or increased 
the total potassium loss estimated from the in 
crement above control excretion averaged 2 3 
mEq per Kg This urinary loss represented 68 
per cent of the potassium calculated to have been 
displaced from cells 

The mean intracellular sodium loss for the 
group as a whole was 3 81 (~ 1,61) mEq per 
Kg and compnsed rouglily 60 per cent of the 
estimated intracellular cation loss 

For the group as a whole the intracellular cation 
loss was of the same order of magnitude m each 
successive mfusion penod For each experiment 
the average slope was calculated for a line defin 
ing intracellular cation loss as a function of total 
administered acid. The mean of tlic average 
slopes was 1 34 (± 270) a value not sigmficantly 
different from zero (t = 1 40 p > 0 19) The 
mean value for hjdrogcn calculated to have cn 
tered cells m this group of expenments was 633 
(± 1K6) mCq per Kg and the mean intraccllu 
lar cation loss \\~is 6,39 (=t 2 56) mEq per Kg 
There is no significant difference between these 
values (t = 0 05 p > 0i>0) 

pH and pCO^, The mean control pH wris 7,33 
(776 to 7 38) Tor the group as a whole there 


was a roughly hnear fall in pH wnth successive m 
fusion penods to a final mean value of 7 03 (6K1 
to 7 15) At equihbnum after sue of 31 infusion 
penods, pH returned to within 002 umts of the 
pre mfusion value. 

The mean control pCO, was 39 mm Hg (34 to 
45 mm Hg) For the group as a whole there w'as 
a roughly linear fall in pCO, with successive in 
fusion penods to a final mean value of 20 mm Hg 
(9 to 31 mm Hg) In seven of 31 infusion pe- 
nods howev'er there was no sigmficant change 
m pCO, ( — 3 mm, Hg) 

DISCUSSION 

The present studies indicate that the dutnTni 
bon of hydrogen ions among the body buffers is 
not affected by the magnitude of the aad load 
The apparent predominance of extracellular buf 
fenng early in the course of conbnuous aad in 
fusion docs not represent the ‘steady state re 
Bponse to metabohe aadosis The fact that bi 
carbonate concentrabon nscs sharply when the 
aad infusion is stopped reveals that the cumUnear 
fan m bicarbonate concentrabon dunng conbnu 
ous aad infusion is the resultant of two opposing 
processes On the one hand the infusion of aad 
converts bicarbonate to carbonic aad thus tend- 
ing to lower plasma bicarbonate concentrabon 
On the other hand the diffusion of bicarbonate 
from the mtcTsbhal fluid to plasma and the transfer 
of hydrogen ions from mtcrsbbal fluid to the m- 
tracellular space both tend to elev-ate plasma bi 
carbonate concentrabon In the conbnuous infu 
Sion experiments this process did not have a chance 
to approach equilibnum unbi the late stages of the 
experiments when the bulk of admimstered aad 
had been given adequate time for distribution 
In the intermittent infusion expenments where 
equilibnum W'as allowed to occur at successive 
points dunng the stud) the partiUon of h}drogcn 
ions betw-een extracellular and intracellular buffers 
was found to be cssenbaUj unaffected by the de 
grec of aadosis 

Within individual expenments of the intermit 
tent group there were often rather wide vanations 
from penod to penod m the estimated contribu 
bons of the two buffer compartments the stand 
ard deviation from the mean m Figure 4 being 

11^ per cent. It seems probable that the most 
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Tic 4 Intracellular Buffering of Successive 
A ao Increments During Interiiittent Hydrochloric 
Acid Infusion Experiments 
Intracellular bufTenng for the ten experiments is plotted 
against total administered aad but in a non cumulaitvc 
fashion. Each point, therefore, represents only that buf- 
fering calculated to have occurred at equihbnum follow- 
ing the immediately preceding period of infusion. Note 
the absence of any consistent trend in intracellular buffer- 
ing as acidosis becomes more severe, and the random 
variations about the mean value. Mean of average slopes 
= — 0 507 (±2.37), not significantly different from zero 
( t = 0 642, p > 0 40) Mean intracellular buffering = 57 6 
per cent (standard deviation ±116 standard error 
±203) 

showing a sharp fall dunng aad infusion and a 
rapid rise dunng the first hour of equilibration 
Dunng the second hour there vvas usuallj only a 
small additional rise For the group as a whole, 
taking the mean of all the penods, the reduction in 
bicarbonate concentration dunng each infusion was 
8 0 mEq per L Dunng equilibration tlie nse in 
bicarbonate concentration in most instances tended 
to be slightlv smaller in the second and third pe- 
nods than in the first penod of acid administra- 
tion The mean values for the net decrement in 
bicarbonate concentration after equilibration for 
successiv e penods w ere 6 3, 4 6, and 4 6 mEq per 
L respectiv el) 


Table IIB gi\ es the calculated values for distn- 
bution of aad based upon measurements made two 
hours after each infusion Aad distnbution be- 
tween intracellular and extracellular fluid for 
each infusion period is shown non-cinmilatively 
in the lower lialf of Figure 3 Intracellular buffer- 
ing vaned betw een 50 and 58 per cent, and extra- 
cellular buffenng betw een 37 and 43 per cent dur- 
ing the course of the experiment The remaining 
fraction of administered hydrogen ions appeared 
m unne and gastnc juice 

In the entire group of intermittent infusion ex- 
periments, the total acid administered vaned from 
7 1 to 15 1 mEq per Kg Some animals tolerated 
only two penods of infusion before developing 
lethal aadosis, others three and four As will be 
seen, the amount of aad admimstered did not af- 
fect Its pattern of distnbution Figure 4 summar- 
izes the calculations of intracellular buffenng for 
the entire group of intermittent expenments In- 
tracellular buffenng for the ten expenments is 
plotted against total aad administered but in a 
non-cuiiiulatwc fashion Each point, therefore, 
represents only that buffering calculated to have 
occurred m the immediately preceding penod of in- 
fusion The slope for the best-fitting straight line 
was calculated for each of the ten experiments 
The mean of the slopes of these lines w as — 0 507 
(± 2 37), a v'alue not significantly different from 
zero (t =0 642, p>040) The mean per- 
centage buffenng by intracellular fluid was 57 6 
per cent (standard deviation ±116, standard er- 
ror ± 2 08) 

The utilization of extracellular bicarbonate m 
the group as a whole did not appear to differ sig- 
nificantly w ith successn e penods of infusion For 
each expenment the average slope was calculated 
for a line defining extracellular bicarbonate utili- 
zation as a function of total administered aad 
The mean of the ten average slopes was — 0 411 
(± 1 IS), a value not significantly different from 
zero (t = 1 07, p > 0 30) The mean buffer 
contnbution of red cells and plasma protein for the 
31 infusion penods was 71 ±37 per cent of the 
administered load 

Extracellular fluid volume Extracellular fluid 
volume, as estimated from changes in “chlonde 
space,” increased steadily from penod to penod 
m all expenments, as illustrated in Table II For 
the entire group the mean total increase m ex- 
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of vanatioES m the size of buffer stores depend 
ing for example on tlie relative amounts of fat 
and lean tissue m a given animaL 

In the present study hyperkalemia w-as observed 
in every experiment despite, m most instances a 
normal unne flow and a marked increase in po- 
tassium excrehom Previous workers have noted 
sizable potassium shifts to extracellular fluid when 
metabolic aadosis was mduced m nephrectomized 
animals (2 8) The present data suggest that 
in acute metabolic aadosis even vnth intact kid 
neya the rate at which potassium is displaced by 
hydrogen exceeds the kidney s excretory capaat> 
for this ion The degree of hyperkalemia was di 
rcctl> related to the seventy of the aadosis al 
though the nse in plasma potassium concentration 
was generallj smallest in the animals with the 
largest increments in potassium cxcreUoa Po* 
tassium concentration rose by an average of 3 
to 4 mEq per liter but it is probable that elc 
vations of this degree would not be maintained 
in chronic aadosis where more complete renal 
compensation could occur It should be noted 
however that serum potassium concentration tends 
to be maintained at slightly ele\’ated levels rela 
tivc to total body potassium stores as long as pH 
remains low (9) 

The mechanism govenung the distribution of 
hydrogen ions through total body buffer stores 
13 not clear from tlie present expenments It 
seems likely that hydrogen ion distributes itself 
across cell membranes according to its electro- 
chcrmcaJ gradient (10) Thus any change m in 
tTaccllular-cxtraccllular gradient of hydrogen 
would tend to produce a shift of this ion The 
present data show a progressn c reduction m extra 
cellular pH as more aad was administered and 
It seems probable that this increase m hydrogen 
ion concentration was tlie major factor in the 
transfer of hydrogen ions to the intracellular 
space. There were howci-'er exceptions to this 
pattern in individual expenments wlicrc despite 
a fall m plasma bicarbonate concentration and a 
sizable mo\ cment of h} drogen into cells there was 
little or no change in extracellular pH NcN’crthc- 
Icss hydrogen transfer may still be explained in 
terms of a change in hydrogen gradient since in 
these instances extracellular pH was presened by 
\ irtue of a sliarp reduction in pCO^. Since a fall 
m pCO, would probably be accompanied by a nse 


in intracellular pH even m the presence of a 
constant extracellular pH the gradient would be 
altered in a way favormg the inward mo\ement 
of hydrogen ions Thus, although there is no cn 
tircl) predictable pattern m the change of athcr 
pH or pCOj, thar mdividual effects on hydrogen 
gradient may act together to produce roughly the 
same hydrogen distribution Further studies with 
control of pCOj may ser\e to clarify this problem 

SUMMARY 

Hydrochlonc aad was administered intrave- 
nously to dogs m order to define the internal dis- 
tribution of administered hy drogen ions with 
varying degrees of metabolic aadosis. Expen 
ments m which aad \vas infused continuously ap- 
peared to indicate preferential utilization of ex 
tracellular buffers in llie initial phase wnth the 
contribution of intracellular buffers becoming more 
important as the aadosis increased in seventy 
However, when the add load was administer^ 
mtennittently allowing time for equilibnum to 
Occur the partition of hvdrogen ions between ex 
tracellular and intracellular buffers ^vas found to 
be essentially unaffected by the degree of aadosis 
The data indicate that at equHibnum the percent 
age reduction in plasma bicarbonate conccntraticm 
provided an approximate index of the percentage 
reduction m total body buffer stores 
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TOTAL H* administered 
mEq /Kq 

FiC S I^•TRACELLULAR BUITERING OF ToTAL ADMIN- 
ISTERED Acid During Intermittent Hydrochloric Acid 
Infusion Experiments 

Each point rqircscnts the total intracellular buffer 
contnbution up to the time of any given equihbnum ob- 
servation Note that the variation in buffcnng of the 
total load by the intracellular area is less than 10 per 
cent in the course of mne of the ten expenments 

important factor in the production of these vana- 
tions was tlie secretion and absorption of gastro- 
intestinal juices The single most critical meas- 
urement upon which the calculation of hydrogen 
distnbution depends is plasma bicarbonate con- 
centration Sudden transfer of acid between 
plasma and the gastrointestinal tract by either se- 
cretion or reabsorption of gastric juice would 
markedh influence plasma bicarbonate concen- 
tration until equilibrium between plasma, inter- 
stitial fluid and tissues had been achiev ed If such 
exchanges occurred shortlj before collecbon of 
the "equihbnum” blood, significant distortion of 
the calculations of buffer distnbuhon would result 
Although total gastnc losses were modest in the 
present senes of expenments, changes in gastnc 
aad content from penod to penod were probably 
large enough to have introduced significant arti- 
facts and were probablj the chief cause of the 
random vanations in calculated buffer distnbu- 


tion shown in Figure 4 On tlie other hand, un- 
nary aad losses w ere constant enough presumably 
to hav e been of lesser sigmficance 
Errors in calculation of extracellular fluid vol- 
ume are probably of minor consequence m the 
interpretation of these expenments As estimated 
from "chlonde space,” extracellular volume in- 
creased steadily in the course of every' expenment 
The mean increase in extracellular fluid agreed 
closely wath the change in inulin and radiosulfate 
space found by Swan and Pitts following a single 
aad infusion in nephrectomized dogs (2) Al- 
though an assumed figure of 20 per cent of body 
weight was used for imbal extracellular volume, 
substitution of other values between 15 per cent 
and 30 per cent does not significantly alter the cal- 
culated pattern of acid distribution 

The sources of error considered above are 
probably of the same absolute magnitude regard- 
less of the quanbty of acid administered For this 
reason their relative importance in affecting the 
estimate of total hydrogen distribution based on a 
single measurement of plasma composition will be 
progressively less as acidosis increases Thus 
when we consider the distnbution of the total acid 
load admimstered up to any given time of obser- 
vation (Figure 5) rather than the distnbution of 
only the small increments of acid added within 
each penod, the v'anation within each experiment 
is much smaller than that shown in Figure 4 In 
nine of the ten expenments the vanation in intra- 
cellular buffenng was less than 10 per cent In 
metabolic acidosis the plasma bicarbonate concen- 
tration is affected by the total load of aad buffered 
in the extracellular space up to the time of blood 
sampling Figure 5 suggests that at equihbnum 
m any given subject tlie quanbty of aad buffered 
extracellularly bears a reasonably close relation- 
ship to the aad buffered within the cells It fol- 
lows, therefore, that a single bicarbonate determi- 
nahon will give a satisfactory tliough approximate 
estimate of the per cent redurtion in total body 
buffer reserves The rather large differences in 
distnbution of acid between expenments (Figure 
5) does not affect this conclusion, but it does sug- 
gest the difficulty of estimating the quanbty of acid 
responsible for producing a given reduction in 
plasma bicarbonate concentrabon The differ- 
ences in the relabve distnbution of aad from sub- 
ject to subject may in part have been the result 
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of vanatiotis m the sire of buffer stores depend 
ing for example on the relative amounts of fat 
and lean tissue in a given anunaL 

In the present study l^’perkaleima 'was observed 
in every experiment despite m most instances, a 
normal unne flow and a marked increase m po> 
tassium excretiom Previous workers have noted 
sizable potassium shifts to extracellular fluid when 
metabolic acidosis was mduced in nephrectomizcd 
ammala (2 8) The present data suggest that 
in acute metabolic aadosis even with intact kid 
neys the rate at ishich potassium ts displaced bv 
l^drogcn exceeds the kidnev s excretory capaatv 
for this ion The degree of hyperkalemia ivas di- 
rectU related to the seventy of the aadosis al 
though the nse in plasma potassium concentration 
\^'as generally smallest in the animals with the 
largest increments in potassium excretion Po- 
tassium concentration rose by an average of 3 
to 4 mEq per hter but it is probable that ele- 
vations of this degree wxmld not be maintained 
in chronic aadosis where more complete renal 
compensation could occur It should be noted 
however that serum potassium concentration tends 
to be maintained at sbghtly clei’ated levels rela 
tivc to total bod) potassium stores as long as pH 
remains low (9) 

The mechanism governing the distnbuhon of 
hydrogen ions through total body buffer stores 
IS not clear from the present experunents It 
seems Ukely that h)drogen ion distributes itself 
across cell membranes according to its electro- 
chemical gradient (10) Thus any change m m 
traccUular extracellular gradient of hjdrogcn 
would tend to produce a shift of this ion The 
present data show a progressive reduction in extra 
cellular pH as more aad was administered and 
It seems probable that this increase in hydrogen 
ion concentration was tlic major factor m the 
transfer of hydrogen ions to the intracellular 
space There were ho^vc^cr excepuons to this 
pattern m mdundual experiments where despite 
a la'll m plasma bicarbonate conccntnlion and a 
sizable movement of hydrogen into cell* there was 
little or no change m extracellular pH Nc\'erthe- 
less hydrogen transfer ma) still be explained m 
terms of a cliangc in hydrogen gradient since m 
these instances extracellular pH \'“is prcscr\ed b\ 
virtue of a sharp reduction in pCO, Since a fall 
m pCO, would probabl) be accompaiucd b> a nse 


m intracellular pH even in the presence of a 
constant extracellular pH the gradient would be 
altered in a way favoring the inward motement 
of hydrogen ions Thus, although there is no en 
hrely predictable pattern in the change of either 
pH or pCOj, their mdividual effects on hydrogen 
gradient may act together to produce roughly the 
same hydrogen distnbution. Further studies w ith 
control of pCO may sene to clanfy this problem 

SUMMARY 

Hydrochlonc acid w^s admimstcred intrave- 
nously to dogs m order to define the internal dis- 
tribution of admimstered hydrogen ions with 
varying degrees of metabohe aadosis Experi 
ments m wluch aad was infused continuously ap- 
peared to indicate preferential utilization of ex 
traccUular buffers m the imtial phase with the 
contribution of mtraceUular buffers becoming more 
important as tile aadosis increased m se\ent) 
However when the aad load was admimster^ 
mtenmttcntly, alloNving time for equilibrium to 
occur the partition of hydrogen ions between ex 
traccUubr and intracellular buffers vvas found to 
be essentially unaffected by the degree of addosis 
The data mdicatc that at cquiUbnum the percent 
age reduction m plasma bicarbonate concentration 
provided an approximate index of the percentage 
reduction m total body buffer stores 
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Aldosterone which has been isolated from the 
adrenal cortex and chemically characterued is the 
most powerful sodium retaining hormone among 
the knoivn naturally occurring adrenal steroids 
(1) As such, it seems probable that it plays a 
dominant part in the regulation of sodium and 
potassium metabolism 

There is considerable evidence that aldosterone 
may be umque among adrenal steroids in that its 
rate of secretion is largely independent of antenor 
pituitary control This ts suggested by the absence 
of atrophy of tlie zona glomtnilosa in rats and dogs 
after hypophysectomy (2 3) by the persistence of 
aldosterone m the adrenal venous blood of hypo- 
physectomized dogs (4) and bv the observation 
that some patients with acute pitmtary insufb 
aency induced by total hypophysectomy conserve 
sodium normally (5) and excrete normal amounts 
of salt retaining hormone in the unne (6) 

In 1950 Luetscher Neher Wettstan, and 
Curtis (7 8) first reported increased sodium 
retaining activity in the unne of patients form 
mg edema In subsequent studies this group has 
identified the active substance m the unne as aldos 
terone. In addition Luetscher and Axelrod (9) 
have reported increases m the excretion of hor- 
mone in normal subjects in response to short pe- 
riods of sodium deprivation The increase occurs 
witliout apparent alteration in the scrum sodium 
concentradoa. 

The present study nus designed to examme the 
effects of changes in the dietary intake and of as- 
sociated changes in the serum concentration of 
sodium and potassium ions upon the urinary ex 
crction of the salt retaining hormone Certain 

I This paper presaited at the 47th Annual Meeting 
of the Araencan Sodety for Omlcal Investigation. May 
2, 1955 

» This work was supported in part by a frrant from the 
U S Public Health Serricc, National Heart Institute 
(USPHS H 1275) 


aspects of the relationship between the distribu 
tion of sodium and potassium ions have been oh 
Iized to produce alterations of serum K and Na. 
Earlier studies have demonstrated that the ad- 
ministration of potassium to sodium-depleted dogs 
and human subjects produces a marked and sus- 
tained hyperkalemia which is not observed in sub- 
jects in normal electrolyte balance (10 11) 

The present report demonstrates that potassium 
mgesbon. when accompanied by a nsc m the sc- 
rum potassium may be associated with a pro- 
nounced increase of sodium retaining activity in 
the unne. A fall in the serum sodium concentra 
tion per sc does not appear to produce a co mpa ra 
blc effect 

METHODS 

The experiment were earned out on trained, unanesthe' 
taxed mongrel dog» housed m meiaboHtan cago. The 
animals were fed a aynlhetac diet of 6xed electrolyte con 
tent containing casein, lard, dextnn, dextrose, vitamin 
and mineral suppleiwrts and agar agar to provide approx 
iniatcly 80 caloric* per Idloffram per day The basal diet 
cotatamed less than 1.8 mEq of Na and lc*s than 044 
mEq of K per day When KQ was given it was ad 
rnfadstered dlhcr as a 20 per cent solution by stomach 
tube or incorporated mto the diet- Urine was collected 
daily and pooled m 48-hcair lots. After removal of lO-ml. 
ahqoots for estimation of Na K and Q the urmes were 
stored at —76 C Stool speamens uere not saved for 
analysis but none of the dogs had diarrhea at any time. 
Methods for the estimation of serum and urinary sodhtm 
and potassium and chlonde have been described previ 
ously (10) 

For estimation of sodium retaining activity the 
thawed urine specimens were adjusted to pH I with 6 N 
HCl and extracted contmuously for 24 hours vnlh 350 
ml, of redlstaUed methylene chloride in a Molfe Hirsdi 
berg extractor The roethykae chlonde extract was 
washed successively five times with SO-mL portions of 
0 1 N VaOH and five tames with 50 rot of cGsinied water 
and taken almost to dryness at reduced pressure in an 
atmosphere of mtrogen- The extracts were dned further 
over P*0 in a \-acuura desiccator at room temperature 
and then stored at — 4 C, At the time of assay the dned 
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extract wris first dissohed in 4 ml of 50 per cent ethanol 
and dilutions of 1 16 and 1 80 were made. 

The bioassay was earned out on male rats, adrenalec- 
tomizcd 24 hours before the test After adrenalcctomj 
the rats were offered distilled water ad libitum and a low 
sodium diet (Xa 0 001 per cent, K 03 per cent) At the 
start of the assaj 5 ml of normal saline were mjected 
intrapentoncalI> , and the bladder was emptied bv electnc 
shock. The animals were injected subcutaneousli with 
cither desoxjxorbcosterone acetate (DOCA) standards 
or unknowns m 033 ml of 30 per cent ethanol, and placed 
in groups of three rats m metabolism cages Duplicate 
groups of three rats were used for each DOCA standard 
(2, 10 and 50 micrograms) and for each unknown sample 
m 1 16 and 1 80 dilution Human unne samples were 
handled similarlj except that 24-hour collections were 
used, and extracts were assaj ed at 1 16, 1 80 and 1 400 
dilutions When samples were stronglj active at all dilu- 
tions throughout the range tested, appropriate additional 
fi\e fold dilutions were emplojed imtil a suitable end- 
point could be obtained. Further dilubons of inactive 
samples were tested since, wnth excessive amounts of al- 
dosterone (near or greater than 10 micrograms per rat), 
sodium retention maj not occur wnth this procedure. 

At the end of a five-hour collection penod the rats were 
forced to void bj electnc shock, the total unne volume 
was measured (4 to 10 ml per group), and the amount 
of sodium e.xcreted determmed bj flame photometry The 
amounts of sodium excreted bj the groups mjected with 
DOCA were plotted on an anthmetic scale against the 
loganthm of the dose of DOCA (2, 10, 50 jig ) The 
standard curve thus obtained serves for estimation of the 
sodium-rctaining equivalents of the unknowns In this 
assay, 100 jig of DOCA and 1 0 #ig of aldosterone have 

SERUM K 
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Fig. 1 HvrcRKvLEMiA Rel.vted to Sodiu a Depletion 
Dogs rendered hj-ponatremic bj pentoneal dialjsis de- 
velop sustained hj-perkalcmia after feeding KCL The 
same dose of KO does not increase the scrum potassium 
of animnls not sodium depleted. 


approximatelv equivalent acUvnties Using three groups 
of 3 rats each the lambda is 033 (Lambda = standard 
deviation — slope) Compounds B and F, m doses up to 
1 500 Mg > do not cause sodium retention nor interfere 
walh the sodium-retaimng activatj of DOCA or aldos- 
terone m this assaj In our hands, normal humans on un- 
selected diet excrete 1 to 4 micrograms per 24 hours 

Active unne extracts were chromatographed on paper 

(12) The region of aldosterone was eluted and reas- 
sajed. With the larger amounts present m human urine, 
acUvatj has been consistently confirmed m the eluate, and 
fluorescence m ultravaolet light and reduction wath blue 
tetrazolium also gave results consistent with aldosterone 
The active, crude e.xtracts of unne consistentlj have been 
found to possess acbvatj indistinguishable from pure 
aldosterone. Other groups have reported similar results 

(13) 

Figure 1 illustrates the effect of orallj admimstered 
KCl on the concentration of serum potassium m normal 
and sodium-depleted dogs In four control dogs receiv- 
ing 2 gm of NaQ dailj , the serum K was not appreciablj 
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Fic 2. Effect OF Low and High Potassium Intake 
upov Aldostebone, Sodium and Potassium Excretion 
IN Doc N ON A Low Sodium Diet 
No detectable sodium rctammg activitj of unnarj ex- 
tracts was observed with a diet vartuallj free of sodium 
and potassium WTien dietarj KCl supplements were 
given hj-perkalemia developed and aldostcrone-like ac- 
tivitj appeared in the unne. No concurrent change in 
Na balance or serum Na was observed. 
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TABLE I 

Fttdint experimsnt in normal rfofi 


Do* 

ExptrinwnUj period 

CooKcatlre 
dsy* of 
tanm 
period* 


DaQv tntalz 


Observed •ennuj Aldortwrot 

Avcnjcc dsnyurtaiTr 
exOTtVw] 

(«A*) 

HfOt 

(W) 

N* k 

tv' 

Ka 

k 

(«£») 

VoL 

N 

Control diet 

7 

8 

51 104 

430 

147 

42 

0 

44 

94 



Na and K free diet 

1 

2 

0 0 

450 

147 

A3 

0 

&3 

16 2 




3 

4 


1 1 



148 

4T 

0 

6 1 

10 6 




5 

6 





136 

4.2 

0 

t 8 

30 




7 

8 


t 1 



137 

38 

0 

2J2 

1 8 

525 


KQ added daily 

9 

10 

( 

) 101 

450 

143 

49 

28 

47 

82 0 

405 


from day 9 

11 

12 


1 1 



145 

5 1 

5.2 

2 1 

98 0 

415 



13 

14 





142 

53 

46 

1 7 

103 0 

425 



15 

Id 


1 

J 


139 

6 r 

90 

13 

92 0 

410 

W 

Control diet (KQ 

5 

6 

51 80 

450 

146 

44 

0 

40 

77 

485 


added) on day 7 8 

7 

8 

51 230 

450 

151 

49 

0 

37 

221 

590 


Na free 

1 

2 

0 67 

450 

143 

4 8 

0 

18 

74 

555 



3 

4 


1 67 



145 

4.5 

0 

5 1 

54 

380 



5 

6 


! 104 



147 

4 7 

0.5 

44 

113 

367 



7 

8 


1 104 



148 

58 

07 

36 

86 

375 


Na and K free diet 

9 

10 


' 0 



145 

A3 

0 

0.5 

16 8 

510 



\l 

12 


! 1 



144 

36 

0 

04 

24 

455 



13 

14 


i 



144 

43 

0 

1 K 

09 

480 



IS 

16 


1 



143 

3.8 


0.5 

07 

478 


* Refers to day* from beginning of the particular diet 
I DiatHled water gi\*en daily by •tomach tube tbrougbout. 

1 Refcm to •crum level* obtained In fasting state at end of the c or responding 4&-hour balance period 
f The average of two consecutit'e 24-hour meaiuremenu. 


increased by KD feeding In contrast, dog* previously 
depleted of Na by peritoneal dtalysu, so that the serom 
»odium tvas reduced to about 120 mBq per L. tmlformly 
developed a marked bypeikalenua when given the same 
araounts of KQ Two dogs (M and R) died after re- 
ceiving a iingle oral dose of 10 pm. of KCl when severely 
depleted of sodium These dogs had tolerated even higher 
dose* of KCl when on normal sodium Intake*. This 
phenoraenon has been utilized as a means of prodocmg 
relatively sustained hyperkalemia. 

The present studies were perfomted on 1) oormal 
dogs 2) dog* Vidth diabetes Insipidus and 3) a single 
human subject with chronic congestli'e heart failure and 
edema. 

J) Normal dogt 

Three types of experiments were performed on these 
animals 

(a) Fffdmg rxf'fnmont (Table 1 Figure 2) One of 
two dogs (ht ) reared a constant Intake of a sodhnn and 
polassuim free diet for 8 days, and m the succeeding S-day 
period KO was added. In the other dog (\V0 tW* pro- 
cedure was re v ersed, KQ bang added m the first and 
absent m the second cxpcnmental period. Distilled water 
(450 mb) was given daily by stomach tube. 

(5) Depletion rx/smmrn/ (Table II Figure 3} The 
dogs were first depleted of sodium chloride by pentenea! 


dialjrsis according to the method of Darrow and ^ ntmel 
(14) and then maintained on a constant (Get free of so- 
dium. Repeated dialysis was necessary m several in 
stance* to achieve significant Kypcnatranla, Dogs R and 
received 18 mEq of KQ on this diet wherea* dogs W 
and E were kept cm a K free as well as a Na free 
regimen. DittlUed water (400 to SOO mb) was given daily 
and, alter a control period, KQ was added for two sue 
cessive day* by stomach tube, 

(c) Dilution experiment (Table UF) The scrum 
sodium and potassium were reduced by a combmaltoo of 
for«d hydraticm (lOOO to 1500 mb veater by tube dally) 
and 2.5 units of Pitressin Tannate In Oil® injected twice 
dally Sustained hemoiEIulion and hypervoicmia can be 
achieved m this way with reduction m senim sodium and 
potassium (15) 

2) Dogs tnth dujbetet mtiptdtu (DJ ) (Table 11 ) 
Diabetes msipidus wo* produced by elecirocoaguUuon 
of the hypothalainic tracts by Dr R. C dcBodo of the 
Department of Pharmacology New York Umversity 
College of \fedtcfne These dogs cacrefed from two to 
iw liters of urine per 24 hours when having free accesi 
to food and water They were studied donng three sue 
ccssire penods 1) tmselected or stock diet, 2) lodmm 
and potassium free diet, and 3) with the addition of KCl 
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extract vr3S first dissolt ed in 4 ml of 50 per cent ethanol 
and dilutions of 1 16 and 1 SO w ere made. 

The bioassaj was earned out on male rats adrcnalec' 
tomized 24 hours before the test After adrcnalcctom)' 
the rats w ere offered distilled water ad libitum and a low 
sodium diet (Ka 0 001 per cent, K 0.3 per cent) At the 
start of the as5a> 5 ml of normal sahne were injected 
mtiapcntoncalK, and the bladder was emptied bj clectnc 
shock. The animals were injected subcutaneouslj with 
either dcso\>xorticosterone acetate (DOCA) standards 
or unknowas m 025 ml of 30 per cent ethanol, and placed 
m groups of three rats m metabolism cages Dupheate 
groups of three rats were used for each DOCA standard 
(2, 10 and 50 micrograms) and for each unknowa sample 
m 1 16 and 1 SO dilution. Human unne samples were 
handled similarly except that 24-hour collections were 
used, and extracts were assajed at 1 16, 1 80 and 1 400 
dilutions WTien samples were strongly acbte at all dilu' 
tions throughout the range tested, appropriate additional 
fi\c-fold dilutions were employed until a suitable end' 
^omt could be obtained. Further dilutions of inactive 
samples were tested since, wath excessiie amounts of ab 
dosterone (near or greater than 10 micrograms per rat), 
sodium retention may not occur wath this procedure. 

At the end of a fit e-hour collection penod the rats were 
forced to loid by electric shock, tlie total unne lolume 
was measured (4 to 10 ml per group), and the amount 
of sodium excreted determmed by flame photometry The 
amounts of sodium excreted by the groups injected watb 
DOCA were plotted on an anthmetic scale against the 
loganthm of the dose of DOCA (2, 10, 50 jig ) The 
standard cunc tlius obtained senes for estimation of the 
sodium-retaining equivalents of the unknowais In this 
assay, 100 ng of DOCA and 1 0 jig of aldosterone have 


approximateK equivalent acUvaties Using three groups 
of 3 rats each, the lambda is 023 (Lambda = standard 
denation — slope) Compounds B and F, in doses up to 
1,500 fig., do not cause sodium retention nor interfere 
wath the sodium-retammg activity of DOCA or aldos- 
terone in this assay In our hands, normal humans on un 
selected diet excrete I to 4 micrograms per 24 hours 

Active unne extracts were chromatographed on paper 

(12) The region of aldosterone was eluted and reas 
sayed. With the larger amounts present m human urine, 
activaty has been consistently confirmed m the eluate, and 
fluorescence m ultiavnolct light and reduction wath blue 
tctrazolium also gave results consistent with aldosterone 
The active, crude e.xtracts of unne consistently have been 
found to possess activity indistinguishable from pure 
aldosterone. Other groups have reported similar results 

(13) 

Figure 1 illustrates the effect of orally administered 
KQ on the concentration of serum potassium m normal 
and sodium-depleted dogs In four control dogs receiv- 
ing 2 gm of NaCl daily the serum K was not appreciably 


LOW SODIUU DIET 

104 mEq Petotium d oitr 



SERUM K 



SERUM K CONTROL 
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Fig 1 Hyperkalemia Related to Sodium Depletion 
Dogs rendered hyponatremic by pentoneal dialysis de- 
velop sustained hyperkalemia after feedmg KCL The 
same dose of KCl does not mcrease the serum potassiuni 
of animals not sodium depleted. 
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Fig 2 Effect of Low and High Potassium Intake 
UPON Aldosterone, Sodium and Potassium Excretion 
IN Doc N on a Low Sodiusi Diet 
No detectable sodium-retaimng acbvity of unnary ex- 
tracts wus observed vvath a diet virtually free of sodium 
and potassium. When dietary KCl supplements were 
given, hyperkalemia developed and aldosteronc-likc ac- 
bvity appeared in the unne. No concurrent change m 
Na balance or serum Na was observed. 
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TABLE 11 

NaCl depUiion experiments tn normal dogs 


Dot 


Experimental period 


Conjeeutlve Dally Intake 

dayi of — — 

balance Na K» HtOt 
period ("Ea ) (ml ) 


Ob*erTed A\‘eraEe dall) urinary 

lerum Aldosterone excretion 

actlritj 

Na K 48 hr Na K HiO 

(mEa/Z.) (Est-w) (mEa) (ml) 


R 

Control diet 

3, 4 

51 

107 

500 

148 

40 

0 

46 

101 

525 


Balance study started 8 

1, 2 

0 

18 

500 

128 

42 

1 5 

05 

88 

460 


days after a dialysis 

3. 4 



105 



137 

69 

11 2 

23 

85 0 

560 



5, 6 



18 



130 

62 

16 8 

1 3 

27 5 

435 



7. 8 



18 



129 

4.5 

36 

07 

14 2 

490 


A second study started 

1, 2 

0 

18 

500 

139 

5 1 

68 

03 

11 7 

482 


6 days after another 

3. 4 



105 



141 

7 1 

11 4 

1 6 

99 5 

570 


dialj’sis 

5, 6 



18 



138 

59 

4 8 

05 

19 1 

480 



7, 8 



18 



137 

5 0 

20 

04-f 

13 5-f- 415-h 



9, 10 



18 


1 

137 

48 

08 

04 

11 7 

445 

M 

Study started 7 days 

1. 2 

0 

18 

400 

134 

5 8 

5 1 

04 

154 

265 


after dialysis 

3, 4 



132 



131 

68 

96 

2 2 

107 0 

355 



S, 6 



18 

• 


129 

5 0 

50 

04 

27 0 

322 

W 

Stock diet 

1. 2 





500 

143 

45 

0 

105 

62 

550 


Study started the day 

1. 2 

0 

0 

500 




05 

15 1 

325 


after a dialysis Na 

3, 4 







134 

4.5 

05 

03 

45 

410 


and K free diet 

5, 6 







133 

43 

0 

03 

29 

480 



7, 8 







132 

44 

08 

03 

2 1 

462 



9, 10 



94 



132 

5 5 

05 

65 

86 6 

462 



11, 12 

, 


0 

• 


133 

4 7 

05 

02 

94 

540 

c 

Stock diet 

1, 2 





500 

145 

4 2 

0 

42 4 

46 3 

412 


Balance study started 1 

1, 2 


3 

0 

500 




08 

27 4 

490 


day after a dialysis 

3, 4 







123 

46 

1 1 

05 

20 0 

455 



5, 6 







125 

52 


07 

14 0 

525 



7, 8 







124 

5 3 

59 

08 

22 4 

525 



9, 10 



67 



135 

60 

96 

33 

56 4 

530 



11, 12 



0 



127 

54 

2 2 

2 6 

15 4 

495 


• K was p\en as KCI by stomach tube as a 20 per cent solution The figures pven are the axerages of two doses 
for each two-day balance period 

t Represents total dailj free water intake and docs not include water used in mixing diet batches 


in amounts similar to those used in the normal dogs 
Disblled water was allowed ad libitum in all periods 

3) A patient {Figure 5) svith rheumatic heart disease 

The patient was admitted to the metabohsm ward and 
studied while on a constant regimen He was a 52 year- 
old man wath mitral insuffiaencj , auncular fibnllabon and 
chronic, nght-sided congestive failure. He had taken 
diptahs prcparabotis dail> for fifteen jears and Mercu- 
hvdnn© injections, as often as twice a week, for over 
ten years He had resorted to a low -sodium diet for at 
least ten vears Maintenance diptoxm was contmued in 
the hospital The sodium intake was kept constant 
throughout the study (12 mEq daily) The rates of 
aldosterone excretion on a low (16 mEq per day) and 
relahselv high (140 mEq per dav) potassium intake 
were compared. 


RESULTS 

The results of the animal stuches are summanzed 
in the accompanjang tables and in Figures 1-4 

Feeding experiments 

In the cNpenments with two normal dogs (N 
and W, Table I) and two dogs wath diabetes in- 
sipidus (T and E, Table IV), it was not possible 
to detect any sodium-retaining activity in the 
unne dunng penods of stock diet intake, or when 
KQ was given wuthout simultaneous sodium depn- 
vahon The KCI supplements ranged from 67 to 
230 mEq per daj 

Dog N was kept on a diet free of sochum and 
potassium for o oenod of 8 dajs Dunng this 
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TABLE III 

DStiium aPfriments tn normal dots 


Oti*erT«d Amn dmUr arintry 

CocEsecEtUrc Dally Intake Mram Ah^oateroae t xc re i tea 


Doe 

Sxpcriiaeiitil j«tlod 

<Uy« of 
btboce 

n» E 

t«E4) 

HtO* 

(«L) 

Na SZ 

■ »ctWty 

48 br 

) 

Nb a 

("Eg) 

R*0 

WL) 

N 

PltresslQ<9 2.5 nidtB bXd 

3 4 

0 

0 

ad lib 

142 

44 


50 

4S 

380 


on d&ye 5 6 7 8 

5 6 

0 

0 

1 125 

122 

3.6 

0 

81 

i£ 

615 



7 8 

0 

2(Wt 

900 

129 

62 

26 

24J 

190.9 

578 

W 

Pitrwin In Oil® 2.5 unit* 

3 4 

0 

0 

adlib 

143 

4.5 

0 

59 

107 

390 


b Ld. on da)*! 5 6 

5 6 

0 

0 

U25 

128 

36 

0 

10 9 

116 

460 


* DirtlDtd water giv’en by •totrurfi tube daHv or ad libitum a* iodlcatcd 
■J I>og vomited 2W ml and tbi* amount oJ K waa aabtracted from balance- 


tone no sodium-retaining activity Nvas detected 
m the unnary extracts When 104 niEq of potas 
Slum were added to the diet significant hyperka 
lemia developed and salt retaining activity ap- 
peared in appreciable amounts in the unne (Figure 
2 ) 

In a second normal dog (W) the adrairustration 
of KCl did not produce as great an elevation of 
serum potassium and insignificant amounts of 
sodium retaining activity v/ere detected ui (he un 
nary extracts 

Table IV presents data from similar feeding ex 
penments m tu’O dogs vath diabetes insipidus 
These animals also as stated abm^e appear to ex 
Crete httle or no aldosterone-like material when on 
a stock diet or on a diet free of sodium and potas 
Slum When potassium chloride was added to the 
diet an increase in the sodium retaining achnt) 
of the unnary extracts ivas observed in both dogs 
Water balance wtis not dctectably altered and so- 
dium balance did not change appreoabl) A con 
sistentl) low unnary specific gravity throughout 
the experiment affords further c%ndencc that hy 
drahon was adequately mamtained In the dogs 
with diabetes insipidus the scrum potasaum con 
ccntraticm was maintamed at shgbtly higher levels 
than m the normal dogs dunng both the control 
and experimental penods- 

Depiction expmuicnts 

Table II summanzes five balance studies m 

dogs depleted of sodium by pentoneal dialj'sis In 

three of the four animals detectable amounts of 
salt retaining hormone appeared in the unne at 
some time dunng the studj The amounts cx 
creted did not correlate well vnth the degree of 


hyponatremia, nor were they related to a further 
loss of body sodium or ivatcr but appear to be 
more directly related to the level of the serum po- 
tassium. It IS noteworthy that the largest amounts 
of hormone were generally excreted on the days 
when potassium mtakc was greatest (R, M, C) 
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The occasional occurrence of resistance to m 
sulin among certain diabetic patients has been rec- 
ognized for inaity years However the immuno- 
logic nature of this resistance, which may reqmrc 
the administration of over 1 000 umts of msulm 
per day has been demonstrated onl) by indirect 
means (2) Serum of insuJm resistant patients 
Ims been showm to protect mice from the hj'pogly 
cemic effect of insulin (3 4) and to prevent the 
irt vitro action of insuhn on the rat diaphragm (5) 
The msulm neutrahzing propert) of such scrum 
has been shown by electrophoretic (6 7) and salt 
(S) fractionation to reside m the gamma globulin 
fraction The substances m the plasma presum 
abl) antibodies related to the capaaty of msulm 
to produce urticaria and allied reactions arc ap- 
parently distinct from tlie msulm neutralizing sub- 
stances and have been shown to reside m the beta 
globulm fraction (6) 

Using I*^ labeled msulm this study lias shown 
that scrum of msulm resistant subjects hut not of 
normal individuals or non resistant diabetic pa 
lients complexes insuUo and that this complex 
migrates at the leading edge of the gamma globulin 
fraction upon paper electrophoresis By nddmg 
progTcssi\el} larger amounts of insulin it was pos- 
sible in most cases, to estimate the concentration 
of insulin needed to saturate such sera Se\entcen 
serum speamens from four msulm resistant per 
sons and one insulin resistant rabbit were found 

iSujvjorttd bs AEG Cemtnet At (30 l> 919 between 
the Atomic Entrxy CommUsicm and the Mos^achiuelts 
Memoml HcwpjUls. 

* This work has apitcared m abstract form (I) and 
was presented at the New fcjicland VA Clmical Re- 
search Society Meetinp Sturhrldpe MassachuselU. Oc 
lober 7 1955 

» Present address The Mary imopcne Ba'sett Hotpilal 
Coopentown, New YorL 


to bind msulm in amounts from 0 05 ngm to more 
than 20 ftgm, per ml 

MATERIALS AND METHODS 

Preparation of labeled insuUn Insulin labeled \vitli 
P** and ctjntaironp 3 ac. of P” per iigrtu and about 0.6 
atom of todme per 24 000 moJccular weight was prepared 
by a modification of the basic method of Bank* Soli groan, 
and Fine (9) A mixture was made of 0 15 mL of KI 
contamiog 15 ^igro. I with 002 mi of KIO contammy 
3 agm of I in a 2 ml glass stoppered tube. To this was 
added KP® contaimng 14.8 mc. and about 0 12 tigm. of I 
followed by 0 1 ml of I \ HCL After the addition of 
CCl the contents were shaken penodtcally for 10 to 15 
muL dunng which Ume about 80 per cent of the I was 
extracted as 1, mto tJie CCl lartr The upper (aqueous) 
layer was removed bv a dropper and 0 1 ml of 0 12 N 
No CO contammg I mg crystallme bovme inwlfn * was 
added The lube was shaken and allowed to stand for 
one hour 

Unreocted Kxiine was rcmov'cd b> treatment wnth an 
amon exchange resm The msulm sohiUon was diluted 
with 04 mb of pH 7 4 buffer cootamlng 0 11 N NaCl 
and OiM M sertmal rmd placed on a 0.8 X 12 cm column 
of Arobcrhtc IRA 410 which had been saturated with 
HCl and adjusted to pH 7 4 prior to use. The huulln was 
washed through the column with the bofler and finally 
made to JOD mL w^lh buffer \Teld was 20 per cent of 
the 1“* used. Less than 4 per cent of the rad>oactiMt> of 
the fnsulm cmitd be rcmo\ed b> prolcmgcd diaJj'SJi The 
1“ labeled insului was used within a week of its prepa 
ratioQ to mmunbe the possibility of radiauon damage to 
the msulm. At cooccntrations less tlon 10 ygm. per ml 
the msulm was found to adsorb appreciably onto glass 
contamers so it was not diluted until just before use 

Testing procedure After 002 ml of labeled msulm 
solution, containing from 5 to 100 ^gm. of insuhn per ml 
was added to 02 tnL of sermn, 0 02 ml of this mixture, 
or 02 Agm. of insulm, w-as applied In a narrow band 
across a S-cm. strip of Whatman No 3MM paper m the 
dectrophoresti apparatus A similar volume of the mix 

* Armours S recryitallized bovine mnibn, graciously 
supplied bj Dr EG Ball of the Department of Blologt 
cal Cheroiiiry Hars'ard Medical School 
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lure M-as dtlucred into 1 ml ol water tor Mib'equcnt de- 
termination ot the exact amount of I’”-in‘iuhn present 

I) \ gamnn ra\ countiii;. The paper strips had been pre\T- 
ousK wet with the buffer (\eronal pH h6 ionic strength 
0 0s) and allowed to equilibrate for 20 to 40 minutes in 
the apparatus The electrophoresis equipment was of a 
contcntional tsTie emplosing honzontalh suspended strips, 
with a free length ol 38 cm between electrode baths 
About 5 \ per cm oi free length were applied for 14 to 18 
hours at riKim temperature The strips were then dried 
111 m o\cn at 03° C tor 30 minutes 

RESULTS 

In Figure 1 arc shown ttpical results on dif- 
ferent Upes of sera Insulin labeled with radio- 
lodinc was detected bj exposing the strips against 
X-rat film for 1 to 8 dats Proteins were siibsc- 
quenth detected b\ staining w itli 0 25 per cent 
bromphenol blue in 9/1 methanol/acettc aad and 
rinsing in 30, 3/1 water'acetic Tcid/phenol 

The findings agreed wath those of Kallee (10, 

II) in that insulin in these low concentrations, 
whether tested alone or mixed with normal serum, 
did not migrate upon electrophoresis, but re- 
mained adsorbed to the paper at the starting point 
(Figure 1, strips 1 and 2) Migration of free in- 
sulin could be obtained bj adding a large excess 
of insulin also shown b\ Kallee In these cases 


the P“*-insuhn migrated with a mobilit} about 
equal to that of serum albumin, but excliange be- 
tween the labeled and non-labeled insulin and ad- 
sorption along the stnps resulted in smeanng and 
trailing of the labeled insulin Hence, the more 
precise test for binding of insulin was to examine 
strips for moiement of insulin which otherwise 
would ha\e remained adsorbed at the starting 
point 

Strips 3, 4 and 5 of Figure 1 show binding of the 
I '“‘-insulin bt the sera of three patients who were 
resistant to insulin In strips 3 and 4 the insulin 
IS completeK bound so that none remains at the 
starting point In stnp 5 the serum has apparently 
been saturated, so that onlj a portion of the in- 
sulin mo\es Insulin which is bound motes with 
the leading portion of the gamma globulins sug- 
gesting that the insulin is complexed by gamma 
globulins into a soluble molecule with a mobility 
intermediate between the mobilities of free insulin 
and free gamnn globulin 

In the detailed studies of Singer and Campbell 
(12, 13) on the plnsical chemical properties of 
soluble antigen-antibody complexes of o\ albumin 
and bovine serum albumin with their rabbit anti- 
bodies it was shown that the electrophoretic mo- 
bilities of complexes were intermediate between 
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Tig 1 Elfctbophore^is or T” Ixseux Mixed with V^riols Sera 
Stnp° labeled P arc «taincd to rhow the protein fractions Radioauto 
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the mobilities of tlie free antigen and antibod) 
and could be predicted on the basis of the weight 
fraction of each component m the complex From 
rough measurements of the rehti\e mobilities on 
paper of free insulin (on insulm treated papers) 
gamma globuhn and complexed insulin, U 
can be calculated on this basis that insuhn com 
prises onl} 7 to 13 per cent of the weight of the 
complex Assuming a molecular weight of 170- 
000 for the gamma globulin this would mean that 
the complex contains one-half to one insulin mole 
cule of molecubr weight 24 000 per one gamma 
globulin molecule 

QmniiialTtc mcatiircments 

For routine testing radioautographs were not 
made but the labeled msulm w'as located h\ pass- 
ing the strip under a 1 9 mg per sq cm end win 
dow Geiger counter equipped with i lead co\cr 
containing a 0 5-cm slit Radioacu\nty was meas 
ured c\’ery 0 5 or 1 cm of length along the paper 
stnp and the cun.e of radioactmty versus distance 
along the stnp plotted Mm-ement of the labeled 
insulin could be detected b> comparing the curve 
ivith the stnp after lining to locate the protein 
fractions ^^^Ien onl) part of the insulm migrated 
the amount which migrated was estimated by dc 
termimng the areas under the two cunes with a 
planimetcr 

In varj'ing the insulin concentration to deter 
mine the saturation limit of the sera the insulin 
concentration vns not allowed to exceed 10 /igm 
per ml of scrum To avoid exceeding this level 
the sera under investigation was diluted witli var^ 
mg amounts of scrum from normal individuals 
Tins also avoided the possibilitj of exceeding the 
saturation limit of the paper when inMilm would 
migrate in the free form 

Tabic I shows the results wnth vinous tj*pc5 
of subjects Fight normal persons and seven 
diabetic patients who were not resistant to insulin 
showed no migration of I‘*‘ insulin with the 
gimma globulins the Icv-el of detection Ix^ing ap- 
proximatclv 0 02 /igm or 0 0007 unit of insulm 
per ml scnim Tlic ^^cri of four insulin rcMStnnt 
pilicnts and of i mbhit innnunirod igim*;! cnslal 
line l)eef lud pork insuhn bj one of the authors 
m 1 previous stiuh (14) sliowcd binding of m 
ulin in ranges of 0 4 to 20 pgm per ml Some 


of the specimens had been stored frozen watli 
gevcral thawings for penods up to 15 )ears but 
still gave satisfactorj electrophoretic patterns 

Occasional modifications of the response were 
noted, such as a suggestion of a peak tmling tlie 
scrum proteins (Figure 1 stnp 4) or tailing 
or movement of the baseline These modifications 
were seen occasional!) with sera of resistant pa 
tients when large amounts of insulm were added 
and were never ^ecn with normal sera or with 
sera of diabetic patients who were not resistant 
to insulm except in one specimen from a diabetic 
patient which showed a shghtlj increased tailing 
of the Iwiseline These effects maj represent par 
tial binding b) serum with wTak forces of the same 
order as the adsorption affinitv of msulm for the 
paper 

With one patient it w'as possible to compare 
tlic amounts of msuhn bound wath the insulm rc 
quircment and the results of mouse protection 
tests on the same serum speamens (Table I) 
The penods of resistance to msulm as shownx bv 
the requirement for msuhn and mouse test corre 
spond with penods of high binding of msulm b\ 
the gamma globulins. 

Spews spccificrt>i 

Table II shows evidence of species speaficitv of 
the msulm binding when tcsteil b) adding non 
labeled human msulm m addition to the labeled 
bovanc insulin to sera from insulm resistant sub- 
jects The amount of binding of F®* bovnne in 
sulm which was obscrveil was not reduced b) the 
addition of human insulm to the degree expected 
if the two insulins were equall) Itound Tins pref 
ercntial binding of bovine msuhn is m agree- 
ment with the finding CIS 16) tliat human msu 
Im was effective in controlling the blood sugar in 
patient A M when large doces of bovine msulm 
were inefTectivc and in lowering tlie blood sugar 
in Rabbit No 5 (14) vvlxm equivalent or larger 
doses of bovine msuhn liad no effect 

Recent reports have indicated (17 IS) tint 
sera of insulin treated diaiictic patients who 
showed no clinical resistance to msulm bound la 
bcled insuhn either in s*uo or in nfro o that il 
migrated wath or just ahead of the gamnn globu 
lins The present •'tudv has not demonstrated 
binding of in«ulm h\ gamma globulins in anv of 
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TABEE I 


hourd lr^ iffim prc’c rs 


S 

Dalf 

Clinical 

trrjLa 

do«^ 

adir Tunerrd^ 

In ulm n»Uw. 
b TAOU*^ CSl 

Ir'^ulin bound br 
Cnnrtn plob 

Oj'' ttJ ) 

Unit, dav 


S normals 



0 



0 

7 diabetics 



0-16 

NPH 


05 


2/11/42 

’0 

0 

Reg 

0 

0 05 


3/2/42 

— 

SOO- 

Reg 

+ 

10-b 

A M 

S/lS/42 

’0 

35 

Reg 

? 

0 05 


11/4/42 

0 

35 

Reg 

0 

0 (tailing) 


4/19/44 

0 

0-96t 

Reg 

0 

0 (tailing) 


5/25/44 

■1' 

280 -E 

Reg 


20 


4/13/44 

+ 

ca 300 

Reg 


OS-E 

C 

9/10/44 


ca. 300 

Reg 


0 (tailing) 


12/17/44 

-h 

ca JUO 

Reg 


1-E 


9/7/44 

-h 

ca 500 

Reg 


1 5 


9/21/44 

-U 

ca 500 

Reg 


1 2 

M 

4/15/48 


ca 500 

Reg 


06-f 


8/S/55 

? 

100 

Reg 


0 14 

0 

3/23/54 

-1. 

ca 300 

Reg 


02 


4/24/54 


ca 300 

Reg 


04 

Rabbit "No 5 

9/26/47 


(Immunized) Crtst 


02 

Rabbit • No S” (14) 

3/23/48 

+ 

(Immunized) Crj-st 


04 


* Presence of clinical resistance indicated b> " + , ab'cnce of resistance b> "0 A " ? indicates that no direct test 
for resistance BIS done but because of considerations discussed elsewhere (2) resistance was probabK present or absent 
as indicated 

t The amount of insulin giten does not neccssanh reflect the insulin requirement, in that tlie patient mat not hate 
been compictelt controlled b) the insulin dose indicated 

J Insulin thcrapj resumed two days prctiouslt, 31 to 96 units per dat 
j One speamen showed slight tailing of the adsorbed band 


the seten diabetics ttho ttere not resistant to in- 
sulin Xo obtious reason could be found for this 
difference in results but it might be related to 
I) difference in sensitititt of detection of bind- 
ing 2) the use of botine insulin m this studt in- 
stead of the commeraal mixture of beef and pork 


TABLE II 

PreferetUial binding of I‘" bcninc insulin in 
Ihr presence of human insulin 


5jbicct 

botine In^lm 

Human in ulin 
addM 
(jiSm /ml ) 

Added 

(>i IT- r-l ) 

Bound 
OtfPt /r-J } 

0 3/23/54 

048 

0 24 

0 


044 

0 23 

044 

A M 5/25/44 

9 

0 

0 


60 

22 

0 


4 

3 1 

35 

Rabbit No 5 

0 48 

0 15 

0 


0 54 

0 14 

0 


044 

oil 

044 


insulin or 3) lower antigenicitj of the NPH-in- 
sulin receued b\ all but one of the non-insulin-re- 
sistant diabetic patients reported here 

The technique desenbed offers a sensitue 
method of testing for the presence of non-precipi- 
tating antibodies It is somewhat similar to the 
technique of precipitation of labeled antigen with 
ammonium sulfate emploaed for this purpiose bj 
Farr (19), but differs from the paper electro- 
phoresis teclinique used bj others (20) for the 
detection of antibodies against DNP-beta-lacto- 
globulin, which depended upon the complexed an- 
tigen being rendered immobile bj antibodies, ap- 
parentlj precipitin in nature The above tech- 
nique maT be of aalue m testing for antibodies to 
protein hormones other than insulin 

SUMMARX 

1 Wlien I^’*-labeled botine insulin was added 
III vitro to serum from insuhn-resistant persons the 
insulin was found to migrate with the leading edge 
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of the gamma globulin zone upon paper electro- 
phoresis Similar migration was not seen with 
serum from normal persons or diabetic patients 
who uere not resistant to insulin This suggests 
that the insulin resistance uus due to the presence 
of antibodies which bound insulin into an inactive 
but soluble complex 

2 Insulin binding capaaty amounted to 005 
to more than 20 /igm per ml of serum E\ idencc 
tlial human insulin nnus not bound in this manner 
IS presented- 
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Electrophoretic htutucs of hitman fetal plasma 
ha\c demonstrated a protein pattern in which all 
major fractions are present (1) The site of ori- 
gin of these plasma proteins is not known Pre- 
siimahh thee ma\ be synthesized hi the mother 
and merely circulate in the fetus as the result of 
placental transfer, or thet may he sinthesized by' 
the placenta or the fetus 

The gamma globulin lei el is high at birth and 
falls dunng the first weeks of life (2) This led to 
the assumption that the gamma globulin found at 
birth IS denied from the mother hi transfer 
through the placenta, and that the newborn infant 
does not sinthesize it Because gamma globulin 
leicls (2) andantibodi lei els (3) are often higher 
in cord blood than in maternal blood there has been 
speculation that the placenta may be the site of 
sinthesis The problem of plasma protein syn- 
tliesis in the placenta has been approached by 
comparing ley els of the larious fractions in blood 
from the umbilical artery and lein and from the 
mother (4) It was concluded that the placenta 
sinthesizes albumin 

The present c\pennients were designed to in- 
yestigatc the sinthesis of plasma protein by' pla- 
centa and fetal liicr Term placenta was obtained 
at normal dchi cries Liier and placental tissues 
were also taken from three fetuses of 3 to 4 
months gestation (Table I) For purposes of com- 
parison fetal heart was similarly iniestigated The 
fetuses were dehiered surgically for psyclnatnc 
and social indications and were presumably nor- 
mal Tissue slices were incubated with glicine-2- 

1 Tins investigation was supported bj a research grant 
irom the Associaboa for the Aid to Cnppled Children 
and bv Public Health Senacc Research Grant No -4024 
National Institutes of Health. 

-John and Man. R. Markle Scholar in Medical Saence. 
A large part of tl e work ivas done while Dr Dancis was 
a Ijjwell Palmer Senior Research Pellow 


Gi and the incorporation of radioactii ity into 
plasma proteins iras studied The proteins were 
isolated and identified electrophoreticalh' and by 
immunological tecliniques 

PROCCDURE 

jneubatwn 

Tissues were procured immcdiatelj after dcliien and 
dropped into dulled isotonic saline. Slices about 0 5 mm 
tiuck were prepared wath a Stadie Riggs sheer One 
gram of Ussue was added to 2 5 ml of Krebs Rmgcr- 
bicarbonate buffer (5) in a 25 ml flask to which had 
been added 5 micrograms of Aurcomycin and about one 
million counts per minute of gl>cmc-2 C,, (Tracerlab) 
Radioactiiatj was determined as described below The 
slices were incubated wath constant sliakang for 18 hours 
in a water bath at 37° C 

Dlcctrophorcsis 

At the end of mcubation, the tissue slices were centri- 
fuged down and discarded Incubation media from cadi 
type of tissue were pooled and dialyzed against three 
changes of isotonic saline dunng 24 hours at 5° C The 
bag contents were Ijophilized and redissoKcd m 1 ml 
isotonic saline to reduce to lohimes suitable for electro- 
phoresis The samples were dialyzed for three hours 
against veronal buffer, pH 8 6, and then separated by 
starch electrophoresis and the protein pattern developed 
as described by Kunkel and Slater (6) One ml of hu 
man plasma was run m parallel on the same block to 
sene as marker for tlie plasma protein fractions 

To determine the radioactinty curve the protein was 
precipitated from an aliquot of each duted fraction by 
the addition of equal volumes of 10 jier cent trichloracetic 
aad (TCA) The precipitate was washed viith 5 per 
cent TCA and c.itractcd with ether to remove the TCA 
The precipitate was rcdissolved in 0 05 N NaOH, trans- 
ferred to a planchette, and the radioactinty determined. 

Immunological identification of radioactive proteins 

Li-cr Carrier precipitates vicre made in cluates from 
the starch electrophoresis by adding vanous plasma frac- 
tions and their speafic antisera prepared in rabbits 
Fractions 5 to 12 (Figure 1) representing the alpha and 
beta globulins, were pooled, divided into five aliquots and 
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TADLF I 


Data OH /duM 


F«Qi 

Wetfin 

GesUiion 

In doiT 
(hUion’l 

Gectatloitt 
m days 
(from «naht) 

I 

150 

130 

120 

11 

140 

195 

120 

III 

240 

130 

130 


• Calculated from men*trual hutory 
t from i^'eight according to graph by Wdda* 

(18) 


a fcptnfic precipitate of about 2 mg wa* made m each 
abquoL A preliminary titration U’as done In a small 
sample of each aliQUot, so that appropriate amounts of 
anUgen and antibody were added to produce the prcdpl 
tate at or near the equivalence point Precipitates were 
prepared with the following fractions human albumin, 
gmnea pig oUmmin human beta globulin beta lipopro- 
tein and metal-comblnmg globulin. Similar preapitates 
were prepared m the albumm fraction (17 and 1&, Fig 
tire 1) All of the speci&c precipitates were nude m all 
quots of the eluates containing approwmalcly the same 
amount of radioactivity This permits comparison of the 
amount of radioactivity incorporated In each specific 
precjpilate. 

The fitmnogen was located m fractions 12 to 14 by 
adding thrombin to the coocurrently separated human 
plasma. A precipitate ivas then formed m fractions 12 to 
14 of the locubabng medium by adcGog earner fibrinogen 
and the specific antiserum. A similar conlrol precipitate 
was made in fractions 16 to 18. 

The preapitates were washed with saline, dissolved m 
concentrated ammomum hydroxide and transferred to 
planchetles for determination o( radiooctinty 

Heart Because of insuffiacnt matenal only electro- 
phoretic separation could be done in the first expenment- 
In the second erpenment, a preliminary separaticm was 
performed by dialysis agamst 1 75 M ammonium sulfate 
(7) The preapitatc containing all the Ramma gkiba 
En and a fraction of the other globulins, but Httle albumin 
was rediisolvcd in saUne. Immunological precipitates 
were made in the “ilburam” fraction (supernatant) and 
(he gloiiahn” fraction. 

Placenta. After elcetropliorctic separation. It was 
demonstrated that live radioactHi e proicms were distnboted 
m the alpha and beta globulm fractions. These fractions 
were Kparated (figure 3 fractions 5 to 9 and 10 (o I4 
respectiNtly) and specific precipitates uere made in eadi 
fraction. 

In earlier cxpenmcnti with term placentas the lech 
nique described by Keston and Kalchen was used (8) 
After incubation the tissues were homogenized and the 
mixture centnfuged. The supernatant was dulyxed 
against salloe and specific preapitates were made m all 
quots of the supernatant vaibout preliminary electropho- 
resis. To pronde an estimate of non speafic ndsorptioa 
h> the proton preapitates specific preapitates were made 



Fia 1 S\'%Tiii8is or Pbotoas by Fctal Livoi 
A Electrophoretic pattern of human plasma protdns 
B Total radioactivity of protems m the mcntolmg me 
dium. Note similarity to A. 

C Pattern of proteixu in incubation medium. 

with ph>‘fically similar but heterologous proteins (oval 
bumin guinea pig albumm, and bovine gamma globulm) 

Pref^rohon of amltera 

Antisera were prepared in rabbits by the injection of 
plasma protein fractions with FrcumTi adjuvant f?"! 
Most of the antisera were prepared by injectjug inter 
digitally 3 to 5 mg of antigen emulsified In OJ mL Falba, 
1 mi liayol F and 1 mg of lolled tubercle bacilli Some 
of the anUicni prepared early in the study required SO mg 
of antigen m 4 mi of adjuvant, and the Injections were 
Intramuscular 

The human gamma globulm and fibrinogen were ob- 
tained from tlic Department of Biopbj-sical Qiemistry 
Harvard Universitj Tlie gamma globulin was electro 
phoreticiTly pure. The antiserum to fibnnogen was jmn 
Bed by absorption with Imman serum. 

The antisera agamst beta Iipoprotcfn ami metal-com 
binmg globulin were gcncrouily supplied by Dr L«m 
hard Korngold of the Sloan Ketlenng Institute for 
Gincer Research. The preparation of the former and 
(he tests for speafiaty ha%e been described (10) The 
latter was prepared by mjcctkm of the crystalline antigen 
and absorption of the antiserum uHth human gamma 
globulm and albumin. 

The huma n albumin was supplied by Dr T \\ Green 
of Cutter Laboratories Berkeley Colifornia It was 
stated to be 93 per cent clcaropliorciically pure with the 
major contaminant alpla glolnilmi. Bmme gamma 
globulm was obtained from Armour and ovaTbmmn from 
Dr Bernard Katchen. 

The beta globulmi uere prepared by starch electro- 
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Elcclropliorctic btiiuies of humm fetal phsma 
ha\e demon'itnitcd i protein pattern m Mhich all 
major fractions are present (1) The site of ori- 
gin of these phsma proteins is not knortai Pre- 
siimabU the\ maa be sjnthesized b^ the mother 
and mereh circulate in the fetus as the result of 
placental transfer, or ther ma) be s^ntheslzed bj 
the placenta or the fetus 

Ihe gamma globulin lead is high at birth and 
falls dunng the first aaeeks of life (2) This led to 
the assumption that the gamma globulin found at 
birth is dented from the mother b\ transfer 
through the placenta and that the new born infant 
docs not santhesize it Because gamma globulin 
leads (2) andantiboda leads (3) are often higher 
in cord blood than in maternal blood there has been 
speculation that the placenta maa be the site of 
santhesis The problem of plasma protein san- 
thesis in the placenta has been approached b} 
comparing leads of the aarious fractions m blood 
irom the umbilical artcra and a cm and from the 
mother (4) It aaas concluded tlaat the placenta 
sa nthcsizes albumin 

The present experiments aacre designed to in- 
aesUgate the samthesis of plasma protein ba pla- 
centa and fetal liacr Term placenta aaas obtained 
at normal dchaenes Liaer and placental tissues 
aacre also taken from three fetuses of 3 to 4 
mouths gestation (Table I ) For purposes of com- 
parison fetal heart aa-as similarla ma estigated The 
fctaises aacre deliaered surgicall) for psjchiatnc 
and social indications and aaere prcsumablj nor- 
mal Tissue slices aaere inaibated aaith glaane-2- 

a This inacstipiticm was supported tn a research grant 
from the Association {or the \id to Crippled Children 
and bs Public Health Seraace Research Grant No 4024, 
National Institutes of Health. 

- John and Marj R. Markle Scholar in Medical Saencc. 
A. large part ot the work was done while Dr Dancis was 
a Lowell Paln-er Senior Research Fellow 


Cti and the incorporation of radioactia ita into 
plasma proteins aaas studied The proteins aaere 
isolated and identified electrophoreticalla and ba 
immunological techniques 

PROCEDURE 

Incubation 

Tissues were procured imniediatelj after delta erj and 
dropped into chilled isotonic saline Slices about 0 5 mm 
thick aaere prepared aaith a Stadic Riggs sheer One 
gram of tissue aans added to 2 5 ml of Krebs Ringer- 
bicarbonate buffer (5) m a 25 ml llask to aahich had 
been added 5 micrograms of Aureomjcin and about one 
million counts per minute of gl>cmc-2 C,, (Tracerlab) 
Radtoactiaat> aaats determined as described beloaa The 
slices aaere incubated aaath constant shaking for 18 hours 
in a aa-ater bath at 37° C 

Electrophoresis 

At the end of incubation, the tissue slices were centri- 
fuged doaaii and discarded. Inaibation media from cacli 
type of tissue were pooled and dialjzed against three 
changes of isotonic salme dunng 24 hours at 5° C The 
bag contents aacre Ijophilized and redissolaed m 1 mk 
isotonic saline to reduce to aolumes suitable for electro- 
phoresis The samples aacre dialjzed for three hours 
against aeronal buffer pH 8 6 and then separated b> 
starch electrophoresis and the protein pattern dca eloped 
as described b> Kunkel and Slater (6) One ml of hu 
man plasma aa’as run in parallel on the same block to 
serve as marker for the plasma protein fractions 

To determine the radioactiantj curve, the protein was 
precipitated from an aliquot of each eluted fraction bj 
the addition of equal aolumes of 10 per cent trichloracetic 
and (TCA) The preapitate aaas washed with 5 per 
cent TCA and c.xtractcd wnth ether to remove the TCA. 
The precipitate was redissolaed in 0 05 N NaOH, trans- 
ferred to a planchette, and the radioactiantj determined 

I mmiinoloqical identification of radioactiie proteins 

Liter earner prcapitates aacre made in eluates from 
the starcli electrophoresis bj adding aarious plasma frac- 
tions and their spenfic antisera prepared in rabbits 
Fractions 5 to 12 (Figure 1), representing the alpha and 
beta globulins, were pooled diaaded into five aliquots, and 
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TABLE I 


Daia on feiuses 


Fetus 

Welihl 

GesUtkm 
tn tUri 
(hUloo) 

Gestatkint 
m dsrs 
(from velsbt) 

1 

150 

130 

l-JQ 

n 

J40 

195 

130 

III 

240 

130 

130 


* Calculated from menitruat hutory 
t batimated from utipht according to graph by U’iddaa 


ft ipecific preapitate of about 2 mg v,*as made m each 
aliquot A preliminary btrabon ivaj done m a coall 
temple of each abquot, *o that appropriate amounts of 
onbgen and anb'body v^ere added to produce the precipi- 
tate at or near the equivalence pomt Precipitates were 
prepared \nth the following fracboru hrnnan albrnnm 
giunea pig albumin human beta globulin, beta Hpopro 
tein and metal-combinlng globulin. Similar preapltates 
were prepared m the albumin fracbon (17 and IS, Hg 
urc 1) All of the specific precipitates were made m oli 
quroU of the eluates containing approximately the same 
amount of rad^oacb^'lty This permits comparison of the 
amount of radioactivity incorporated m each speafic 
precipitate. 

The fibnnogen was located in fracbons 12 to 14 by 
adding thrombin to the concurrently separated human 
plasma. A preapitate was then formed in fracbons 12 to 
14 of the incubatmg medium by adding earner fibrinogen 
and the specific anbserum. A similar control preapitate 
was made m fractions 16 to 18. 

Tlie preapltates were \va8bed wnth saline, dissolved in 
concentrated ammonium hydroxide and transferred to 
planchettcs for delcnnlnabon of radioacbnty 

Ilcari Because of insuffiaent material only electro- 
phorebc separation could be done in the first expenmenL 
In the second experiment, a prehminary separation was 
performed by dialysis against 1 75 V ammonium lulfatc 
(7) The preapitate contammg all the gamma globu 
lin and a fractwn of the other globulins, but little albumin, 
was redissolved in talmc. Immunological precipitates 
were made in the "albumm” fraction (supernatant) and 
the “globulin” fracbon. 

Placenta After electrophoretic separation it was 
demonstrated that the radKiactivc protons were dutributed 
in the alplm and beta globulin fraclkmv These fractions 
were separated (Pignre 3 fractions 5 to 9 and 10 to 14 
respccb\-ely) and spcafic preapltates were made In eadi 
fraction. 

In earlier experiments wnth term placentas the tech 
nique de<cr}bcd by Kcsion and Kaichcn was used (8) 
After incubation the Us^^uci were homogenired and the 
mixture centrifuged. The supernatant was dialyicd 
against salme and speafic preapltates were made in ah 
quoti of the supernatant without preliminary electropho- 
resis To provide an estimate of non speafic adsorption 
by the protein preapltates, specific j redpitatc* were made 



Fic. 1 SvycTDEsis OF PjttJTZiKS Fctal Livei 
A Electrophorcbc pattern of human plasma protans. 

B Total radioactlvitj of protdns in the incubatmg me 
dlum. Note simibnty to A- 
C Pattern of proteins in incuhabon medium 

with physically similar but heterologous protons (oval 
brnnin guinea pig albumin, and bovine gamma globulm) 

Prtfiarvlton of ontu ra 

Anbsera were prepared in rabbits bj the injection of 
plasma protein fracbons with Fnnmds adjuvant (9) 
Most of the anbsera were prepared by mjeebng micr 
digitally 3 to 5 mg. of antigen emulsified m Oi mU Falba, 
1 ml foyol r and 1 mg of killed tubercle baalli Some 
of the antisera prepared early in the study required SO mg 
of antigen m 4 ml of adjinont, and the injectwos were 
mtramuscular 

The human gamma globulin and fibnnogen \scTe ob- 
tained from the Department of Biophysical Chemistry 
Harvard Univer8it> The gamma globulm was electro- 
phorebcnlly pure. The antiserum to fibnnogen was puri 
fied by absorpbon with Imman scram. 

The antisera agamst beta lipoprotein and metal-eom 
bhung globulin were gcncTTiusly supplied by Dr Leon 
hard Korngold of the Sloan Kettenng Institote for 
Cancer Research. The preparation of the former and 
the tests for speafiaty ha\-e been described (10) The 
latter was prepared by injection of the erystallme onliRen 
and absorption of the antiserum wnth human gamma 
globulin and alburmn. 

The human albumm was supplied by Dr T \\ Green 
of Cutler Laboratones, Berkeley California It was 
stated to be 98 per cent dcclropliorctically pure with the 
major contaminant alpln glolmlms Fkmnc gamma 
globulm was obtained from Armour and ovatbnmm from 
Dr Bernard Katchen 

The beta glolmlms were prepared by starch electro- 
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phoresis oi human plasma. Anti'cra were prepared 
against alpha and beta globuhn fractions indisndualK 
but were lound to be immunologicallv indistinguishable 
b\ the techniques u'ed in this study Thei were then 
used mterchangeabl} The guinea pig albumin and anti- 
serum were prepared m similar fashion. 

Determination of radwactnaty 

The protein preapitates were tran'^ferred in solution 
to aluminum planchettes covered wuth filter paper to 
produce c\cn distribution and dried under an infra-red 
lamp Radioactniti was determined in a D-46A. Xu- 
clear Flow Gas Counter, and the counts were corrected 
to infinite thinness 

RESULTS 

The electrophoretic pattern of normal plasma 
proteins (Figure 1 A) is paralleled strikingly bj 
the total radioactit lU of the protems in the medium 
used for the incubation of liz'cr slices (Figure IB), 
e.\cept that there is no incorporation of radioac- 
ti\ It} into proteins mth gamma globuhn mobilit) 
The electrophoretic pattern of the proteins in the 
incubation medium (Figure 1 C), probabl) repre- 
senting primanl} luer proteins, is quite dissimilar 

Carrier precipitates were made bv adding vari- 
ous plasma proteins and their specific antisera to 
fractions of the electrophoreticall} separated pro- 
teins, as preiaoush described The results are pre- 

TABLE It 

Incorporation of radtoacimt% into proteins by fetal Imr 
(counts per minute) * 


hxperimen: II E.xp«uncnt III 


rrrdpirair^ 

Globulin 

fraction 

Mburain 

fraction 

Globulin 

fraction 

Albumin 

fractfon 

Total protemf 

1594 

1854 

1210 

915 

Mbumm (human) 

95 

1130 

51 

980 

Beta gloliutin 

670 

44 

598 

13 

Mcul-combinmg 

171 

10 

148 

2 

Lipoprotein 

239 

32 

279 

18 

Gamma globulin 

688 

566 

560 

169 

Ubumin 
(guinea pig) 

58 

26 

27 

50 


Ftbrin 

Fibrin 

fibrin 

Fibrin 


osm 

oc«t 

osen 



fraction 

control 

fraction 

control 

Total protcinf 

574 

890 

474 

572 

Fibrinogen 

186 

78 

201 

105 


’ Camtr precipitatei were formed b\ adding the protein 
and Its spcafic antiserum to appropriate electrophoretic 
fractions (r g albumin preapitatt in albumin fracuon) 
and as a control, in inappropriate fractions (eg albumin 
in globulin fraction) Guinea pig albumin preapitates are 
further controls 

t TC \ p-ecipitable radioactmtv 


sented in Table II It is etadent that a significant 
amount ot radioactints is earned down by a spe- 
cific precipitate prepared m the appropnate frac- 
tion {eg, the human albumin precipitate in the 
albumin fraction ) and that it is considerablj less 
in the inappropnate portions of the curve {eg, 
the albumin precipitate in the globulin fraction) 
Precipitates prepared wnth guinea pig albumin and 
its speafic antiserum to give an index of non- 
specific adsorption, also contain much less radio- 
actintv The gamma globuhn preapitates seemed 
to gue non-speafic results This suspicion was 
V enfied b\ demonstrating e.Ntensn e cross-reaction 
betw een human albumin and our gamma globuhn 
anbserum The gamma globulin preapitates also 
incorporated as much radioactivity as the beta 
globuhn preapitates even though the radioactive 
protans had an electrophoretic mobilitv corre- 
sponding to the latter 

The results of the e.Npenments with fetal heart 
are presented m Figure 2 and Table III The 
electrophoretic pattern of the radioacuve protans 
m the incubation medium (Figure 2 B) resembles 
more closely that of the presumed tissue proteins 
(C) than the plasma proteins (A) The amount 
of radioactiv It} incorporated is much less than m 
the hver e.\penment (note the difference m scale 
in Figures I and 2) 

Unfortunatel} there was insufficient matenal 
after electrophoretic separation to permit immu- 
nological identification Accordmgl}, in a second 
e.\penment, prelimmarj separation was done wnth 
ammonium sulfate There is a significant amount 
of radioactiv It} in the beta globulin and albumin 
preapitates made m the supernatant (Table III) 
However, the results with guinea pig albumin in- 


TABLE m 

Incorporation of radioacti-ity into specific precipitates 
by fetal heart (counts per minute) * 



Globulin 

fraction 

Albumin 

fraction 

Total protein 

107 

124 

Albumin (human) 

0 

56 

Beta globulin 

10 

40 

Gamma globulin 

Albumin (guinea pig) 

8 

38 


• Incubation medium protein-i were separated bv am 
monium sulfate precipitation into tw o fractions and specific 
precipitates made in each fraction 
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Fic Z Sywthe5is of Proteixs Fetal He-^st 
A Electrophoretic iiattem of btiman plaima proteins 
B Total radkoctivity of proteins to the incubating 
medtatL 

C Pattern of proteins m Incubatjon medium Note 
ifmflarity of B and C m this figure. 

dicate that this is probabis because of non speafic 
adsorption 

The results of an expenment \Mth term pla 
centa are given m Figure 3 The total radiooc 
trnty of the proteins in the incubating medium (B) 
parallels the protein pattern (C) more closely 
than that of the plasma proteins (A) There is 
no radioactivit) in proteins with albumin or gamma 
globulm mobilities It is presumed that the aibu 
nun peak m C is derived from blood in the tissue 
shccs since the placenta apparently does not syn 
thesue protans with this mobilit) (B) 

The results of similar experiments uath pla 
centas from 3 to 4-month pregnanacs arc not re 
produced here because there are no important dif 
fcrcnccs The radioactive proteins moved pn 
manl^ m the \'»eta and alpha glohvdm vmes Thete 
were no radioactive proteins vatli albumin mo- 
bili^ but a small amount ov'ctiappcd the faster 
moving gamma globulins As with term placenta 
the pattern resembled more closcl) that of the 
proteins of the incubating medium than that of 
plasma proteins 

Cimer precipitates w ere made b> adding plasma 
proteins and the speafic antisera to the alpha and 
beta globulin fractions (Figure 1 fractions 5 lo 9 
and 10 to 14 rcspectivcl) ) In the early pbcenta 
the amount of radioactivit> m the prcapitatcs was 



Fic 3 Sv'xtijesis or PwmnNs dv Tcxu Placenta 
A Eleclropborthc paltem of human phsma, 

B Total radioactinty of proldnj m the mcobating 
mediunL 

C Pattern of proteinj m Incubation medium 

about the same as that obtained with guinea pig 
albumin and probably represented non speafic 
absorption However m term placentas there was 
significant!) greater radioactivit) m the preapi 
tales prepared with plasma globulins (Table IV) 
In earlier cxpcnnients using immunological iso- 
lation of protans without preliminary electropho- 
retic separation (Table V) there is more radio- 
activit) in the gamma globulm preapitate than 
in the control preapitates In the t>’pc of expen 
ment presented in Table V A, the slices v\cre ho- 
mogCTurcd m the incubating medium ind the im 
munological preapitates made in the supemalint 
lu Table V B the preapitates were made w the m 
cubating medium without preliminary homogeniza 
lion of the tissue. The reduction in non specific 
adsorption is evident 

DISCUSSION 

Tins investigation wis onginallv undertaken 
to determine if the placenta could s)'nthestze 
plasma proteins The albumin and gamma globu 
Im fractions were first investigated because re 
ports from other workers had suggested that the 
pheenta nu\ svnthcsizc these fractions Tlie 
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TABLE n 

Iticorporatior of radtoactirst\ irto protcirs 
b% placenta {courts per mirute) 


Protein 

Earl> placenta* 

Late placenta^ 

Beta 

globulin' 

\!plia 

globulin' 

Beta 

globulins 

\Ipha 

globulins 

Total protein 

213 

260 

368 

443 

Albumin (human) 

7 

7 

0 

25 

Alpha globulin 



30 

105 

Bcua globulin 

4 

21 

36 

125 

Gamma globulin 

19 

19 

43 

124 

Albumin fegg) 



8 

2 

Albumin (guinea pig) 

IS 

14 




* EarK phcenta ^as from a 3 to 4 months gestation, 
late placenta was at term Carrier precipitates were 
made b\ adding the plasma protein fraction and its specific 
antiserum to aliquots after electrophoretic separation 
Total protein refers to TCA precipitable radiaacti\ it> 

technique described bt Keston and Katchen (8) 
(see Procedure) seemed suitable, and m Table 
V A are presented the results of a tjqiical eNpen- 
ment with term placenta The amount of radio- 
actn it\ incorporated into the gamma globulin pre- 
apitate appeared significant, houcter, the amount 
of radioactnita in the control preapitates t\as also 
appreciable In a second senes of expenments 
(Table \ B ) , the specific preapitates w ere made in 
the incubating medium without prehminarj ho- 
mogenization of the tissue, since it seemed reason- 
able that the plasma proteins would diffuse out of 
the cell This reduced the amount of radioac- 
tniti brought down in the control precipitates 
\enfMng the negatne results with albumin and 
making more significant the results with gamma 
globulin Cross-reaction between bo\ine and hu- 
man gamma globulin (11) probabl) accounted for 
the intermediate amount of radioactnat) m the 
former precipitates These results haae been 
pre\aousl\ presented (12) 

The technique of electrophoretic separation fol- 
low ed b\ immunological precipitation w as resorted 
to in an attempt to better identifi the proteins 
Tlie data obtained with fetal li\er and heart will 
be discussed first, since the\ add to the interpreta- 
tion of tlie results with placenta 

The experiments with h\er giie clear cut ca- 
dence that the fetus is alreadi capable of sj nthesiz- 
ing plasma proteins b\ 3 to 4 months gestation 
The electrophoretic separations indicate that the 
luer is capable of saithesizing all of the eiertro- 
phoreticalh identifiable proteins e\cept gamma 
globulin These results conform wath those of 


TABLE \ 

Incorporation of radioactmt', into specific precipitates 
b\ term placenta {counts per minute) 



A* 

Bt 

Egg albumin 

75 

6 

Human albumin 

77 

4 

Bo\ane gamma globulin 

115 

30 

Human g-imma globulin 

355 

72 


* A The tissue slice': were homogenized in the men 
bating medium and earner precipitates prepared in the 
supernatant 

t B Carrier precipitates were made m the incubating 
medium without preliminary homogenization of tissues 

perfusion expenments with adult rat luer (13) 
and slice expenments with adult guinea pig luer 
(14) The immunological studies confirmed the 
identit} of the proteins and gate furtlier informa- 
tion about sub-fractions of the beta globulins 

The gamma globuhn precipitates gate puzzling 
results The radioactuntv earned down in the 
albumin fraction was probably the result of cross- 
reaction We later demonstrated extensuc cross- 
reaction between our gamma globulin antiserum 
and albumin Howeier, the gamma globuhn pre- 
apitates were just as effectue as the /S globulin 
preapitates in bnnging down radioactuitj among 
protans with beta and alpha globuhn mobility 
Tins was also tnie m experiments yyith term pla- 
centa, as yyill be discussed below It is yyell known 
that the plasma globulins are closely related im- 
munologicallj (15) The question maj be raised 
as to yyhether immunological differentiation is even 
less distinct at this earlj stage of deyelopment 

The results w ith fetal heart are clearlj' different 
from those obtained yyith liver, and conform y\ith 
what might be exported from an organ that sjn- 
thesizcs proteins for its oyyn use The radioactue 
proteins that haye diffused into the medium are 
small in amount and the electrophoretic pattern 
resembles that of the non-radioacti\ e proteins m 
the medium, probablj representing tissue proteins 

Because of the small amount of tissue ayailable 
from fetal heart, and the loy\ ley cl of incorporation 
of radioactiy itj into proteins, there yy as insufliaent 
material after electrophoretic separation to permit 
the preparation of immunological precipitates in 
the a-anous fractions In the second expenment, 
ammonium sulfate preapitation ysas emplojed to 
separate roughly the proteins The albumin and 
beta globuhn preapitates made in the supernatant 
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after ammomum sulfate preapitation liad radio- 
activity Since tins fracbon might be expected to 
contain the albumin and a large proporbon of the 
beta globuhns and since there uas also radioac 
bvit> in these fracbons as determined electro- 
phoreUcally this finding might have been con 
sidercd significant Howe^ er, a heterologous 
precipitate mdicatcd that the radioacbviU uxis m 
corporated by non specific adsorpbon The pro- 
portion of radioactmty brought dowm with tlie 
guinea pig albumin preapitate in this experiment 
may be contrasted with that m the fetal li\cr 
(Tables n and III) 

In tlic expenments wth term placenta electro- 
phoretic idcntificabon of Uie radioacb\e proteins 
demonstrated that the placenta did not s>'nthcsi2C 
proteins with eitlier albumin or gamma globuhn 
mobihty (higure 3 B) The proteins moved mto 
the alpha and beta globuhn area and appeared to 
be related immunologically to all three globulin 
fractions m that eacli earner preapitate brought 
dowTi approximatel) the same amount of radio- 
Tcbvity (Table IV) 

Particular pains were taken wnth the gamma 
globulin precipitates because of the paradoxical 
results with electrophoretic separation In a se 
nes of expenments diflfererrt antigens Tnd differ 
ent antisera were used In one expenment the 
gamma globuhn antigen was prepared b> preapi 
rating diphthena toxoid with immune human sc 
rum the preapitate being largely composed of the 
specific anti diphtliena gamma globuhn Tlie re 
suits in all experiments were essentially the same. 

It would be of mtereat to know if the globuhns 
synthesized by the placenta have functional simi 
lanties to plasma globulins Good and Zak have 
presented an interesting report (16) of a woman 
wath agammaglobulinemia who was immunized 
repeatedly during pregnanej Antibodies were 
detected in the mother in tlie bst months of preg 
nanc> and arcumstantial cvadence indicatctl that 
the placenta might be the source of tlie antibodies 
Since some antibodies havoi electrophoretic mo- 
bilities similar to those of the radioactive proteins 
in our experiments wnth placenta (17) we made 
attempts to demonstrate antibody sjoithcsis usmg 
the Keston and Katchen technique wath pbccnlas 
from mothers immunized against tetanus and 
diphtheria The attempts were unsuccessful This 
docs not exclude the possibihlv that the pbeenta 


synthesizes antibodies m amounts too small to be 
detected b} tlus technique or that it may synthe- 
size antibodies under abnormal conditions (for 
example ogamraaglobulmemia in the mother) 

It IS not likely that under normal a^-cumstanccs 
the pbe^ta contributes significant!} to the pbsma 
proteins of the fetus The pbeenta from preg- 
nanaes of 3 to 4 months duration docs not sjoithe- 
size an) pbsma proteins detectable bv this tech 
nique (Table IV) B} tlus stage of pregnancy 
the fetal liver is already actively svmtliesinng all 
pbsma protem fractions except the gamma globu 
lin The gamma globulins as identified clectro- 
phoretically are probably supphed by the mother 

SUMMARY 

1 Liver slices from human fetuses of 3 to 4 
months gestation were incubated with glyane 2 
C,« Tlic protans were separated electropho- 
rcticallv and immunologicallv and the incorpora 
tiOD of radioactmty was determined It was con 
eluded that the hver at this stage of development is 
already capable of synthesizing pbsma proteins 
exclusive of gamma globulin 

2 Similar studies were conducted using Inimart 
fetal heart for purposes of cotnpanson Tlie dif- 
ferences were slnkmg and conform watli (he pic- 
ture of an organ synthesizing protans for its own. 
use. 

3 Experiments vnth human pbeenta from pn.g 
nanaes of 3 to 4 months duration have demon 
btrated tliat the pbeenta will incorporate glyane 2 
C,| into proteins wath alplia and beta globulin 
mobilities These proteins are immunologically 
unrebted to pbsma protans 

4 Sirmbr experiments wath term pbcentas re 
vealcd incorporation of ndioactivaty into protans 
with similar electrophoretic mobibty However 
these protans arc rebted immunologically to 
plasma globulins 

5 At nathcr stage of pregnancy does the pb 
centa syoithcsire protons that are clectrophorcti 
call} identifiable as albumin or gamma globulin 

6 It IS concluded that under normal arcum 
stances the pbeenta docs not contnlnitc signifi 
cantly to the pbsma protons of the fetus Begin 
ning earlv m gestation the fetal liver is capable 
of syoithcsizing all pbsma protons except gamma 
globulin The gamma globulin is prol>ab!\ de 
nved from the mother 
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(Stibtmtted for pubbeation Jme 13 1^56 accepted Ncnrtmber 29 1956) 


After sho^\^ng that normal skin homografted 
upon a congenitally agamraaglobuhnenuc child 
survived for a prolonged penod (1) Good and 
Varco further demonstrated tliat \nthm certain 
limits hypogammaglobulmcrmc patients might be 
arbfiaally endoued with a system of active im 
raumty through homotransplantation of a reticulo- 
endothelial tissue (2 3) 

The present study \vas designed botli to explore 
the therapeutic possibilities of lymph node homo- 
transplantation and to take advantage of the umque 
andbixJy synthesizing defect in hypogammaglobu 
huemva to quantitate tlie immune response of bu 
Tuau lymphoid tissue 

This paper presents the results of measurements 
of antibody protein symthesis during pnmarv and 
secondary immune responses by normal lymph 
nodes homotransplanted to a hypogammaglobu 
hncmic adult togctlicr with qualitative obscri’a 
tious of the interplay of reapient and transplant 
during and after the ISO- to 160-day period of 
survtvnl of the Ivmph nodes 

MATERIALS AND METnODS 

Challenge antigen Becauic it is potent, rcIUWc, and 
rapidly productWe of onUbodies tmccptible to accurate 
measurement, typhoid \’acanc was selected as the anb 
gen with which to lest the reactii'lty of the transplant 
The preparation employed * to challenge both recipient 
donor contained 1 000 roHiion heat tailed organisms 
of the Panama 58 strain per mL and was of the type 
ordinarili stimulating production of H and O (but not 
Vi) antibodies. 

Titration of typhoid H and O-agglatuuns. Agglutimns 
%crc measured on coded speameni by one ohserrer at 
one tunc, and expressed as the mean of four detenmna 
tkms on recipient sera and two on donor sera, by the 
slide agglutination method devised by N\ elch and Stuart 
(4) and improved by Diamond (S) Single pooled 
batches of commercial (Ijrdcrle) Salmonella Group D 


1 Typhoid Vaceme, EH Lilly and Co„ Lot No. 7289- 
6278k 


somatic antigen and of typhoid H antigen were employed. 
The test v.'as further rc6ned as follows the titration was 
begun at 1 10 employing 0 16 ml of scrum and all sub- 
sequent successively smaller serum aliquots Mere made 
up to 0 16 ml Nvith salme pnor to the addition of 0 03 ml 
of antigen moreover dilations of 1 15 I 30 1 60 etc. 
employing appropriate scrum aliquots acre interpolated 
between the conventional 1 10 1 20 1 40 etc, dilutions 
Under these more rigorous conditions end pomls (50 
per cent agglutmationl ucrc sharp and repeated titrations 
reasonablj reproducible.* The readings obtained were 
deemed mterrally consistent though not necessarily 
quanbtativelj identical with ralues ordinarily obtained 
with different batches of tube or slide antigens 

No rabrfactory method of accurate titration of low 
(< 1 10) titers of H agghibmns was foirad. Titers of 
O agglntimns as low as 1 2,5 Imwcver could he tneas 
ured latliCactonly by prior 2 or 4 fold concentration of 
the serum beta -globulins through the me of anc pro- 
leinatc reactions based on Colm plasma fractionation 
Method 12 (6) as follows 

A portion of cold boffered tme diglyanate-anc acetate 
sohitioG, contaimng 500 mif Zn per L was added to the 
serum at 0 to 2 C to a final Zn concentration of 20 
mil per L. The mixture was allowed to cquibbralc 30 
minutes and was centrifuged at 0 to 2 C for 15 minutes 
at ] 400 ff The supernatant was discarded. The pre 
cipitate was made up to ooe-foertb or one half tlie ongi 
nal serum volume with 03 il sodiam atrate at pH 7JL 
Recovery of both H and O agghjhnins appared to be 
complete, but the concentrate was suitable for slide ag 
glutmation titration of only O antibody The presence 
of atrate ion apparently inhibited the reaction of H-onti 
geo and antibody the otrate eflcct could be reversed by 
dialysis, but only at the expense of reduced concentration 

Titrafien of tissue antibody Tissue extracts suitable 
for titration of H and O-agglutinlns were prepared as 
fat free saline suspensions by the method of Momitam 
(7) 

/ownHHocAemicaf fstunafioH of typhoid O-anUhody To 
define a ratio between urols of scrum typhoid 0 agglu 
tinin activity (reaproca! of titer) and micrograms of 
t)*phoid O beta, globuhn mtrogen per mL the mcUiod 
of analysis of speaHc predpitates (8 9) was adapted 
as follows 

The antigen used consisted of a saline suspcnsioo of 
the colonies scraped from a 20-hour agar slant culture 

"^See^able III 
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01 SaUnoiiUa l\tf >, H901\\ strain. The 'uspcnsion was 
heated two and one half hours at 100° C to deslroa 
traces or flagellar antigen was centrifuged and was twace 
\ -ashed wath 'ahne. Saline was then added to yield a 
suspen'^ion containing appro'cimateK 60 gg N per ml 

Prelimman c.\penments under conditions of antibodi 
excess and antigen excess indicated a wide cquiialencc 
zone, as reported b\ Lands Johnson, Webster, and Sagm 
(10), wath prozone and postzone phenomena occurring 
onlj under extreme conditions in addition, tlie acta 
low antibodi \ antigen \ ratio in cquualence-point 
precipitates noted bs Gureiatch and Ephrab (11) was 
confirmed. 

Sera taken from donor and recipient were used in 0,2- 
to 5 0 ml amounts Sera were inactnated 30 minutes at 
37° C and pnor to antigen addition were centrifuged 
free of traces of parbculate debns Mixtures of serum, 
salmc and 1 0 ml anbgen were incubated 1 hour with 
occasional agitation, in a 37° C bath, and then for 18 
hours at 4° C 

The mixtures w ere spun 30 minutes at 3° C and 1 400 g 
The supernatants were decanted and checked for residual 
agplubnating acbsib. and the precipitates were washed 
twice with cold 'aline and transferred quantitabs elj to 
K-jeldahl digestion flasks 

Nitrogen was determined b\ a micro-Kjeldahl pro- 
cedure eniplojang powdered selenium as a catal>st The 
color reaction watli Ncssler s reagent was dei eloped m tlie 
cold and read immediatcls at SOO mg in a spectropho- 
tometer 

Ittimunoclumual csl\iuatwn of isphotd H-anttbody 
The method de'cnbcd abose was used wath the follow- 
ing differences 

\ntigcn was prepared bs adding an equal solurac of 
0 6 per cent fomialimzed saline to a 20 hour tnpticase- 
'os broth culture of the H901W strain of 5 H/’/ii the 
motiliU of whicli had been increased to a maximum b> 
repeated passage in 'cmi solid agar The organisms were 
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centrifuged and washed free ot broth protein, and saline 
was added to \ icld a suspension containing approximate!} 
50 gg N per ml The sera measured were those noted 
abo\e from which O antibodi liad been compIeteK 
absorbed 

TubcrLiihit tisliisn Tuberculin tests of the recipient 
were performed with 0 1-ml intradeimal doses of fresh 
solutions ot a single lot of Sharp and Dohme Second- 
Strengtli Tablets Tuberculin Punfied Protein Denwabsc 
(0005 mg per 01 ml ), and 0 1 ml doses of fresh saline 
dilutions of that lot equii-alent in potcnc} to P P D 
Intermediate (0 0001 mg per 0 1 ml ) and P P D No 1 
(0 00002 mg per 0 1 ml ) Induration was measured b} 
the method of Loaell, Goodman, Hudson, Armitagc and 
Pickcnng (12) at 24 48, and 72 hours, and units of tu- 
berculin reacbsat} roughl} quantitated as millimeters 
mean maximum induration per log micro microgram 
PPD a unit based on the linear relationship between 
tliat measurement of the response and the loganthm of 
the dose, as described m man (12) and in animals (13) ^ 
Two dilubons were used for each skin test, and on each 
occasion the two responses agreed within 5 to 10 per 
cent 

Histological iiuthods Tissues for histological exami- 
nation were fixed in 70-30 absolute alcohol-formalin solu- 
tion and senalK sectioned Alternate sections were 
stained with hematoxi Im eosin and meth} 1 green p} ro- 
ninc, and selected sections were stained with iron hema- 
tox}hn, cosm-meth}lene blue, and Gicmsa stain Scieral 
sections w ere examined b} polaroid and phase microscop} 
Attempts to count plasma cells, reticulum cells and 
l}mphoc}tes were abandoned since no one stain differ- 
enbated the cell t}pes suffiaciitl} well to insure accuracy 
on successiie counts 

Leukocyte siisl'cosioits Fresh suspensions of suable 
leukoQtcs suitable for skin testing and for agglutinin 
studies were prepared from whole blood b} the dextran- 
dextrosc sequestrene teclinique of Brecher, Wilbur, and 
Cronkite (16) For skin testing the 02 ml of packed 
leukocytes denied from 10 ml blood were resuspended in 

0 1 ml normal saline and injected intradcrmall} The 
same lolume of lcukoc}'tes washed and resuspended in 

2 0 ml saline, sened as an antigen for slide aggluhna- 
tions 

Statistical methods In tlie construction of the cune 
which best fits the obsened antibod} bters, standard 
methods of graphic anal} sis of multiple linear regression 
curies were emplo}ed to resolie the changing slopes 

THE RECIPIENT THE DONOR AND THE CLINIC \L CONDITIONS 

Hyl'ogammaalobiilinemic recipiait The recipient of 
the transplant was a 64 } car-old white woman with ac- 

’ Lnder this schema, maximum responses of 10 X 10 
mm mdurabon to 0 1-mI doses of P P D No 2, Inter 
mediate, and No 1 are cquii-alent, respectii cl} , to ZJ 
5 0 and 7 7 units of tuberculin reactint} , and the 1 + , 
2-^, 3-1-, 4-1- critena emplo}ed b} Lawrence in passive 
transier expenments (14 15) arc cquii-alent, respectiicl}, 
to 1 4-2 7, Z7-5 4, 5 4-8 1, and >81 units 
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quired hj-pogaramagloboHnemla,'* %shoie ca»e bistoty has 
been reported elsewhere (17) In addition to her basic 
disease, the following secondary complications and on 
related conditions were present a stable mediastinal mass 
(presumablj a hyperplastic now hbrotic thjTnus) 
chrome pyelonephnbs (with normal blood area mirogen 
aod only mild Impairment of renal function) hronchiec 
tasis Hyp ers p lenism (with a moderate hemolytic anemia 
and a cyclic neotropema) and arteriosclerotic heart 
disease, with mild ankle edema despite therapeutic doses 
of dlgitoxim 

Thronghout the 137-<iay period preceding tlw tram 
plantation and the 231-day period follovinng it, the re- 
apient received sulfadiaame sufhdcnl to maintain a 
near-constant serum sulfonamide level of 5 to 8 mg per 
100 ml and human gamma globulm ® 5 0 gm. mtra 
muscularly ei'ery H days, a dose wduch mamtamed a 
constant serum gamma globulin Icrvcl of 0.30 0^02 gm. 

per 100 rah (17) and a constant exogenous typhoid H-ag 
glutimn titer of 1 10 She had previonsly proved totally 
urtTesponsivc to pnmary and repeated booster dotes of 
typlwid paratyphoid vaccine and to several 0 1 mb m 
tradcrmal doses of P PX) No 2 

There began to develop 30 to 40 days prior to trans 
plantation, a severe neutropenu winch, instead of re 
mittmg as m the past, persisted until the 2S7th day after 
transplantation 

Choice of donor The following major and mmor cn 
tena \sere formulated for the selection of a dcfloor for 
safe and successful transplantation 

3/ajor 1) No evidence of aciuc tuberculosis, of other 
acute or chronic transmissible infection or of oeoplasbc 
disease 2) Notltcr e%*idcnce of past or of present hepatitis 
nor history of transfusions within the past 6 mooths 3) 
Close genetic relationship to the reapicnt 4> Requirement 
of abdominal surgery for other hcnipn reasonx to which 
lymph node cxasion would be madentaL 

iiittor 1) Identical blood type (B Rh positive) 2) 
Positive tubercuim reaction (or other delayed type ai 
taneous hiyiersensitivity) 3) Age betueen 20 and 50 
years 4) Absence of typhoid agglutinins and no history 
of tytdioid Infection or immimicatjon. 

Tlic donor selected was the patient i 62 year-old sister 
wIwD had always been in good health and who required 
an elective hysterectomy and perineal repair for a third 
degree uterine prolapse and cystocoele. Studies rexcalcd 
Type A Rh posiOic blood, normal lii'cr function a 
positive reaction to P P D No 1 and \ ray evidence 
of healed fibrottc disease at the apex of the right lung 
There tvas no history of typhoid fes'er or of typhoid im 
mumration, and typhoid H and O agglutinins were ab- 
sent m 1 10 and 1 dilutioo, rcspectisely Titers of 
soroaUc agglotmint against other Salmonelbe were A 

* Patient referred for study by Stuart O Foster M D, 
Washington D C 

• Poliomychtu Immune Globulin. Squibb and Sons Lot 
No 252-2 kindly supplied by the American Natlomil Red 
Cross, 


<15 B <15 C (C, C,) 1 40 and n (E, E„ 
E) <1 5 

Except m age and bkxid type, the donor therefore 
satisfied all the major and minor criteria. 

//omn/rtiHj/'Ianfci/iPn procedure On June 22 1955 a 
left supraclavicular lyanph node u-as excised from the re 
apicnt. One-half was fixed promptly in alcohol formalin 
and the other frozen for later antibody studies 
Simultaneously in an adjacent operatuiff room, tl»e 
surgeon® excised a portion of tlie fat pad containing the 
donor’s left hvpogastnc Ivmph node cltaio and immersed 
the specimen m Ringer’s solution. A total of 16 »i*m 
metnealiy placed, 2J) to 2X-cm. subcutaneous incuions 
had meanwhile been made In the inner aspect of the re- 
cipicntf thighs (Figure 1) and pacted wath cotton gauze 
sponges soaked m Ringer i solution To minimize tissue 
trauma, hemostats and ligatures had been used ipanngly 
Each of mne small lymph nodes was dissected free of 
the fat pad cleaned of traces of pcncapsular fat, rapidly 
and slcrilely weighed on a Roller Smith automatic pre 
asion balance, and placed separately In individual screw 
cap \naU each vial contalmng I.S ml of the rcapicnlB 
bcnim to which pauallm and dihy drostreptomy'an Iiad 
been added to a concentration of 100 pg per ml 
The wet tvoghls of ll»e nodes (m mg) were ropec 
livelT 36.9 41,8 64 1 110 1 120.2 1273 13ai 2133, and 
82-5 The a25-mg node was divided in hai\es and 

grossly examined. One half was placed in alcohol 
formalin and the other frozen and saved. 

Working rapidly the operator transplanted each node 
m turn as follows wnth a mimmum of trauma each node 
was sliced into four strip* each strip no greater than 2 
mm. thick Each strip was briefly checked for gross 
pathology and then two strips were pbced m an mdiion 
in the left thigh and two m the symmetncal incision in 
the right No furtlicr dicmotherapy was given the 
rcaplent and no wound infections occurred. Healing 
progressed oncvcntfully and at no lime did slouglnng 
occur 

rJnUymtc chaUenoc of rcxtpfcnt and of donor Seven 
days after transpbntation, the reapicnt was challenged 
vnth 03 ml of the previously described typlioul vaceme 
injected subcutaneously m the left arm. A booster dose 
of 03 ml was gnm sestn days later and another twenty 
days later 

To avoid problems of interpre ta tion of titers m the 
donor howci'er milbl 03 m! challenge was debyed un 
til the nhitli day when tlie postopemtue phase of height 
cned adrenal corbea! acti\aty had presumably parsed. 
Booster doses of 03 mL were given seven and. through 
an osTTsight, eiglrtcen (rather than twenty) days htcr 
flxcwon fnopsift Nineteen days after transplantation, 
the Jtnps from the node originally wngldng 1101 mg 
were excised from their two symmetncal sites. At the 
same Ume a nght sopraclancubr node was excised from 

®J Keith Cromer Department of Gynecology and OU- 
stetnea, George Washingion Unlrcnity School of ifcdi 
cine, whose cooperation the authors gratefully acknowl 
edge. 
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the rcapicnt Hnlf oi each ol the speamens was fi\cd in 
alcohol formalin the remainder was subdmded prossK 
into node fragments fat and skin and was frozen and 
saved. 

RESELTS 

Immune responses 

Tuberculin tests of tlie reapient two da 3 S after 
transplantation disclosed a powerful passu eh 
transferred delaved cutaneous hvpersensitnitv to 
tuberculin (Figure 2) Tuberculin reactuita then 
stcadih increased to a plateau which CNtended 
from the 6Sth dai to the 149th at a level equiva- 
lent to a reaction of 25 X 25 mm induration to 
PPD Xo 1 Between the 149th and the 2I7th 
davs rcactivitv fell off to a plateau at a lower, 
though still highh reactive, level Reactivitv was 
csscntiallv unaffected bv splenectomv on the 257th 
dav 

In response to earlv challenges with tvphoid 
vaccine administered at sites distant from the 
transplants, the recipient developed low titers of 
tvphoid H- and 0-agglutinins (Figure 2) in a 


manner quahtativ elv similar to the higher titers 
observed in the donor (Figure 3) A booster 
challenge on the 9Sth daj again elicited a secondarv' 
response, after which titers began to decline more 
rapidh A final challenge on the 16Sth daj elicited 
no response, instead, measurable H-agglutinins 
declined eNponentiall} over the next SO days with 
a slope statisticalh indistinguishable from that of 
passu eh infused H-aggliitinins in other hvpo- 
gammaglobulinemic patients (desenbed below) 

Biopsies 

The donors ninth h 3 pogastnc l 3 mph node, 
w hich had not been transplanted, vv as histologically 
normal and quiescent and contained occasional 
plasma cells , a saline extract of the node was de- 
void of t 3 phoid H- and O-antibodv (< 1 20) 

The recipient’s left and right supraclavicular 
nodes excised before and 19 da 3 S after transplan- 
tation, were vartualh identical, both contained a 
total of onl 3 ' one or two dubious plasma cells and 
no antibody ( < 1 20) Both contained abundant 



Fir I iMUXE Rnenoxs of Tpassplanitd Lviipn Nodes 
•Tuberculin rr s E' induration per log micro-microgram 

PPD Each i o dilutions 



ANTIBODY SYNTHESIS BY HOMOTRAVSriANTED LYMPH NODES 


409 



0 5 10 15 20 25 30 35 40 4S 50 55 60 

DAYS AFTER INITIAL ANTIGENIC CHALLENGE 

Fit 3 Dcsor and lUctriEWT Aktibody Tmcu Amx Ttthoid lioiu’ntATioN 
The H a^cgIQtimn titen otaerred m the reaplent (Flptire 2) are here corrected for a comtant 
exotttwna t\ter of I \0 


Ijmphocytes and reticulum cells but sparse and 
poorlj developed gentunaJ centers 

TIve 19th da) excision biopsv of one of the 
transplanted nodes disclosed evidence of an imtml 
take the tissue contained moderate numbers of 
plasma cells and abundant tissue antibod) Ex 
tracts of v'anmis fragments gross!) identified as 
node tissue (the bulk of each of whicli however 
was granulation tissue) titered 1 40 1 40 I 80 
and 1 80 against H antigen and I 20 I 40 
1 SO and 1 200 against O mtigcn Extracts of 
adjacent specimens of fat and of the overl>ing 
skm and scar contained no demonstrable antibod) 
Serum H and O titers at the time of biops> were 
1 17 5 and 1 5 respective!) 

Microscopically the tninspbnt (Figure 4) con 
tamed archltccturall) disorganized cords of lymph 
Old tissue intimately penetrated bv granuhtion lis- 
sue« mth occasional foreign bodj giant cells at the 
penpher) Higher magnification (Figure 5) dis 
clos^ mtcnsel) v^sculanzcd cords and strands of 
reticulum cells lvmphoc)1es and scattered (but 
not abundant) plasma cells, Suidv of the giant 
cells b) polarised light suggested that the) were 


not reacting speaficall) to the donor tissue each 
contained a bit of refracble cotton fiber, presum 
nbl) from the surgical sponges used at the time of 
transplantation 

Thcraf>nthc effects of fransplantatton 

Despite a se\erc neutropenia (v\h»tc blood 
counts 1200 to 2400 with 2 to 1& per cent nculro- 
pluls) the rcapient remained free of major mfee 
tions throughout the life of the transplant Dur 
mg that interval there occurred eptsodta of oral 
moniliasis from the 7Cth da> to the 81st and from 
the I30th to the I34th a syndrome of fever 
pharvnguis cervical I>Tnphadetiopathv and at) pi 
cai Ij-mphocvTosis from the SOtli daj to tlic ^ih, 
and faaal furuncles from the 106tli da) to the 

noth. 

In contrast, the lOO-daj penod following the 
presumed death of the transplant was filled wnth 
a succession of mcreasinglv ’=e\erc infections — 
ukeralive pharjmgitis and stomatitis rccurrtfnt 
oral moniliasis faaalfunmclcs severe acute pan 
sinusitis due to Siapfiylococcits nunnir and mu! 
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Fir 4 r\cisio\ Biorsv Trwsplanted Lwtin Node 
Slice, Ninetee\th Da\ 

1 rom left to right arc seen granulation tissue, scattered 
giant cells cords of Ijmphoid tissue and partiallj necrotic 
fat (H & Ex 85) 

tiple subcutineous stapln lococcal abscesses — 
w Inch together wntli the recipient s first set ere 
thromboct topenic episode culminated in splenec- 
tom\ on the 257th dat Postoperatu el\ there 
occurred a prompt, sustained hematologic and 
s\ mptomatic remission 

Also m contrast during a comparable, non- 
ncutro])cnic 96-da\ period before transplantation 
there occurred onh a single mild upper respirator} 
infection lasting ht e dat s (17) 

\ either dunng the life of the transplant nor 
alter splencctomt did there occur in} detectable 
n^e in the recipient s serum gamma-globulin let el 
In an attempt to make therapeutic use of the 
transplant the patient was immunized, at bi-w eekh 
intenalb beginning on the 6Sth dai, with stand- 
ard parenteral doses of tlie followang antigens 
diphtheria toxoid-tetanus toxoid-pertussis aac- 
cint poll \a lent influenza aaccine, and two doses 

Mutiipic IiKtoIogical 'cctione of the 630 gni spleen 
ia\"eil€xl iiKmsixI mmibers of Malpighian follicles pronii 
n>iH ginniiiil itnlerv luiniial luiiuhcrs of reticulum cells 
aiul I\iuphixMe-< and prominent on throcj tophapocc tosis 
h\ moiUKxtis, Onh a aarv few iclK rcceinhhnp plasma 
la IN witv -c, n imj thna wac no c\idcnre ol hinphoma, 

1 IMUllI Miu foi Illation ami loulociv oi cadi igiai ihacasc 
M'xa um u ol the hm w is histolof u ilh iioiiinl tnl- 
lUx a iuivl uuiiu il inov III itioiia ol op III Mis|ii nslons were 
'' ' *''''*''"*1 "wiaiKu ii 1 In fungi niid I 



Fic 5 Excision Biorsa, Transplanted Lyaipu Node 
S ucE, Nineteenth Da\ 

\\ ithin the intcnscK \asculanzed, disorganized cords 
of lymphoid bssue are reticulum cells, plasma cells and 
torcign-bodj giant cells (H &. E X ISO) 

of a combined respirator) bactenal aaceme ® In 
addition, four doses of an autogenous, formthnized 
Escherichia coli (communis) vaccine, prepared 
from the strain isolated from the recipient during 
a pa elonephntis and bacteremia fourteen months 
preaiousl) (17) and still present in the unne, were 
gnen dunng this penod 

■\lthough there w as suggestn e ea idence of aa eak 
responses to seaeral of the administered antigens, 
extensiae titrations of pre- and post-challenge 
sera failed to demonstrate unequiaocal antibod) 
formation 

Ivtmiaic interactions of transplant and recipient 

To explore the possibility that the transplant 
might be rejecting the recipient, as aaell as vice 
z’crsa, attempts aaere made to demonstrate iso- 
immune phenomena in seamral s) stems Neitlier 
clinical nor laborator)’^ evidence of nephntis, en- 
cephalitis, or collagen diseases appeared, and no 
ca idence aams adduced to implicate the transplanted 
nodes in the persistence of the recipient’s neutro- 
penia The results of repeated Coombs tests aaere 
negatiac, and the recipient s first episode of throm- 
lioca toiicnia occurred three months after transplant 
function had ceased 

I* 1 unutnoa ic Ki-'piratorv \ ncciiic<It Parke Dims S. 
Co 
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Despite the diallcngc of small numlicrs of in 
compatilile (Tj^pe A) red cells the reapient failed 
to de\ elop anti A isoagglutinins in 1 1 dilution 
measured b> both the saline and the indirect 
Coombs techniques 

B) the use of viable donor leuKoqtcs as a slide 
agglutination antigen it w-vs demonstrated that 
the reaiJicnt failed to develop circulating leukocj'te 
a^lutinins m 1 1 dilution at any time after traos- 
plantabon 

Skin tests however 2a0 and 2GG days after 
transplantatiom demonstrated a reproduablc spe 
cific dela 3 cd tubercuhn-like cutaneous bj-persen 
sitivity to \nable donor leukoc^des Intradermal 
mjection of the leukoc>des deni'td from 10 ml of 
fresh donor blood cliated a reaction beginning at 
three hours and reachrag a maximum diameter at 
24 to 36 hours of 14 to 16 mm of erythema and 
10 to 12 mtn. of tender mduration, nath a central 
hemorrhagic spot Onl> transient 3 to 4 ram 
diameter erythematous responses ^^c^e elicited by 
control injections of approximatelN equal num 
bers of leukocytes derived from tlic reapient and 
from normal Type O tubercubn positive Type 
B tuberculin negative and Type A tubercubn 
negative persons as well as of donor plasma con 
taming dextrose dextran sequestrene • 

Immunochemical studies 

The results of immunochemical studies (Fig 
ures 6 7) indicate tlmt under tlie conditions of 
biological assay described above 1 unit of typhoid 
H agglutinating activity synthesized by the speaftc 
donor (or donor tissue) is equivalent to 126 ± 
OCP microgram gamma globulin ?v per ml serum 
and that 1 unit of similarly^ speafic typhoid O ag 
glutinating activaty is equivalent to 102 i 026 
microgram beta, globulin N per ml scrum Witli 
the whole baalb antigens employed the ratios m 
cquivalcnce-pomt preapitates of antibody N anti 
gen N for the H and O systems were rcspoctncly 
1 2^ and 1 5 27 

Estimation of rates of antibody synthesis 

In the absence of demonstrable reapient anti 
body synthesis and wath the knowledge tlmt cx 

• Because of the rK>5iibiHt> of immunitirtR the recipient 
apainst her prospective donor tlie recipient va* not ikin 
tested with donor leukocytes before Iran plantauon. 


tracts only of the transplants contained large 
amounts of antibody it wais concluded that all 
observed titers represented antibody symthesued 
b\ the transplant A general equation for calcu 
hting daily total svaithesis of tvpboid antibody by 
the transplant wns therefore formubted as fol 
lows 

If ^ be the weight of H or O antibody syaithc 
sized and released pet gram of l\mph node tissue 
per day I the daily increment m scrum titer m 
agglutinating umts D the units of antibody pas 
snely degraded per day V the apparent body 
fluid volume or compartment m whicli the antibodv 
IS diluted K the constant that rebtes umts of 
agglutinating aamty to weight of antibodv nitro- 
gen 62 the protem nitrogen ratio m both 
gamma and betaa globuhn (18) and ff'^, the 
weiglit in grams of tnmspbnted lymph node tis 
sue then on any given day 

5 « U I>)0niK)(62) 

Values of / were read from the curve of anti 
body titer derived from graphic analysis of the 
observed titers (Figure 3) 

Values of D were calcubted b\ substituting each 
day s average serum titer for C m the equation 
descnbing one dav s exponential decline of pas 
81 V dy acquired antibody from a level of C to a 
level of C* 

-= Slope Constant (2) 

solving for and subtracting from C Tlic np 
propnatc constant for H antilwdv was determined 
and that for O antibody was assumed as follows 
H antibody After administration of 50 gm of 
human gamma globulin • to two other liy-pogamma 
globulincmic patients the passiv'c nlcs of decline 
of scrum gamma globulin and of six common anti 
bodies were dctcnnincd by in tntro assays of mul 
tiplc periodic serum speamens drawn over a 63 
to TCMby period (19) The IiaK life of ty^ihoid ] 
H igglulinm so determined was 35 0 d: 3 6 days 
corresponding to a slope of 00086 

O-aiiftbodv Although the half hfc of bctiij 
globuhn in human beings has ncv^cr licen deter 
mined sparse indirect cv idcncc suggests that l>cta, 
globulins arc passivclv dcgridcvl considcrabK 
faster than gamma globulins The equations wnth 
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which \\iener demonstrated that newborns pas- 
su el\ degrade diphthena antitONin at a rate iden- 
tical with that of adults (20), when applied to the 
data of Smith on the decline of passu eh acquired 
compatible isoagglutimns m newborns (21), indi- 
cate that these beta^-globuhns ha\e a half-hfe of 
12 to 18 dais Biosinthetic detenmnations of tlie 
half-Iucs of heterogeneous plasma protein frac- 


tions, of which beta;-gIobuIins were onlj one of 
man} components, haa e } lelded values of 6 2 to 
7 8 da}s for fractions I + III (22) prepared by 
Cohn Method 10 (23), and 17 da}s for pooled 
alphai-alpha^-beta-globulins (24) 

After tw’O transfusions of fresh Type B, Rh 
positiae blood, the recipient's passu eh acquired 
anti-A isoagglubnin titers were followed for 28 



RECIPROCAL 0-AGGLUTlNlN TITER. SERUM SPECIMENS 

Fic 7 AvTiroDi Nurocev PREcrmATED wTra 61 1 Microcrasis Typhoid 0-Antigei, 
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days Analysis of stvcn determinations yielded a 
linear regression curve with a half life of 16 7 days 
and a standard error of 2 5 days 

Employing these data and notmg that the maxi 
mum slopes m the dedirang phase of the curves ot 
0-antibody titer in both donor and reaplent cor 
responded to half hves of 15 ± 2 days (Figures 2 
and 3) a IS-day half life of O agglutinins (or 
slope of 0 020) was assumed 

Compartment size Previous studies of the re 
apicnt had demonstrated that after equilibration 
administered gamma globulin (mcludmg typhoid 
H antibody) behaves as if diluted m a fluid volume 
equivalent to 20 per cent of body weight (17), 
I e , 25 to 30 per cent is found in the plasma and 
the remainder ra extravascular compartments In 
this stud) m which the reaplent s weight (47 Kg ) 
remained csientially constant throughout the pe- 
nod of observation the %oIumc of distribution V 
of tj-phoid H antibody was therefore equn’alent 
to 9 4 Uters 

It was not possible to determine directly V for 
typhoid O antibody since no safe concentrated 
source of human O antibody is aimlable for human 
administration As a near approximation, the V 


for anti A isoagglulimns, which arc chemically and 
clectrophoretically similar to typhoid Oagglutm 
ms was detenmned After transfusioti of the re- 
apient with fresh blood containing compatible 
plaema of known isoagglutinm content anti A 
isoagglutinins behaved as if diluted in a volume 
equivalent to 20 ±: 3 per cent of body weight (25) 
Since this figure is compatible with the known 
presence of typhoid O antibody and isoagglutinins 
m numerous tissues and interstitial fluids (26-29) , 
it appeared reasonable to assume F for typhoid 
O-antibody to be identical ^\nth that of H antibody 

Employing these data and assuming further 
prompt (24-hour) mixing of newly synlhesired 
antibody and full survival of the transplant (IF = 
844^ mg before exasion biopsy and 7347 after) 
minimum rates of antibody synthesis were caku 
latcd (Table I) and graphed (Figure 8) 

Discussrov 
Clinical observations 

The present study confirms the demonstration 
by Good and Varco (1-3) of the impaired ability 
of the hypogammaglobulincmic patient to respond 
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M hich \^ lener demonstrated that new horns pas- 
su eh degrade diphtheria antitoxin at a rate iden- 
tical wnth that of adults (20), when applied to the 
data of Smith on the decline of passu eh acquired 
compatible isoagglutinins in newborns (21), indi- 
cate that these betaj-globulins ha\e a half-hfe of 
12 to 18 dajs Biosinthetic determinations of the 
half-lues ot heterogeneous plasma protein frac- 


tions, of which beta--globuhns were only one of 
manj components, hare }ielded values of 6 2 to 
7 8 dajs for fractions I -f III (22) prepared by 
Cohn Method 10 (23), and 17 dajs for pooled 
alphai-alpha.-beta-globuhns (24) 

After two transfusions of fresh Type B, Rh 
positue blood, the reapient’s passu ely acquired 
anti'A isoagglutinm titers were followed for 28 
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days Analysis of seven detenninations yielded a 
linear r^resaon curve with a half Ufe of 167 da)rs 
and a standard error of 2 5 days 

Employing these data and noting tliat the maxi 
mum slopes m the declining phase of the curves of 
O antibody titer m both donor and reaplcnt cor 
responded to half bves of 15*2 days (FigurcB 2 
and 3) a 15-day half life of O agglubnms (or 
slope of 0 020) was assumed 

Compartment stse Previous studies of the re- 
cipient had demonstrated that after equilibration 
administered gamma globuhn (including typhoid 
H antibody) behaves as if diluted in a fluid volume 
equivalent to 20 per cent of body weight (17) 
iX 25 to 30 per cent is found in the plasma and 
the remainder in extravascular compartments. In 
this stud) mwhich the rcaplents weight (47 Kg ) 
remained essentially constant throughout the pe- 
riod of obsemition the volume of distribution V 
of typhoid H-anubody was therefore equivalent 
to 9 4 liters 

It was not possible to determine directly V for 
tj^ihoid O antibody since no safe concentrated 
source of human O antibod) is a\'ailable for human 
admmiEtration As a near approximation the V 


for anti A isoagglutmins, which are chcimcally and 
clectropboretically similar to t}T)hoid O agglutin 
ms \vas determined After transfusion of the re* 
apient with fresh blood containing compatible 
plasma of known isoaggluhnm content, anh A 
isoagglutmins behaved as if diluted m a \olume 
eqim'alent to 20 * 3 per cent of body weight (25) 
Smcc this figure is compatible with the known 
presence of ^hoid Oantibody and isoagglutinins 
in numerous tissues and interstitial flmds (26-29) , 
It appeared reasonable to assume V for typhoid 
O anbbody to be idenbeal with that of H antibody 

Emplojing these data and assuming further 
prompt (24-hour) nuxmg of newly synthesixed 
antibody and full survival of the transplant (JF = 
B44.8 mg before exanon biopsy and 7347 after), 
minimum rates of antibody i^thesis were calcu 
laled (Table I) and graphed (Figure S) 

DISCUSSION 
Ciintcal observations 

The present study confirms the demonstrabon 
by Good and Varco (1-3) of the impaired ability 
of the hypogaramaglobuhnenuc pabent to respond 
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to foreign tissue antigens and of the feasibihti of 
artificial!} endowung him for a prolonged penod 
\nth a functional miniature reticulo-endothelial 
sjstem The data suggest that the eight trans- 
planted I}-mph nodes sumied wuth full function 
for 100 to 1 10 dajs, and tliat destruction of the tis- 
sue occurred slowl}, culminating in total unreac- 
tint}' about the 160th day 
The reapient’s passively acquired tuberculin h} - 
persensitint) , which reached a peak only gradu- 
all} , remained constant for three months, and then, 
eoinadent with cessation of node function, fell 
abruptl} to a lower level, has continued at that 
lei el for a prolonged penod In the absence of 
ei idence for transmission of tuberculosis, this pat- 
tern oi transferred rcacti'vrty eonforms to one of 
those desenbed by Lawrence (IS) and interpreted 
by him and by Chase (30) as suggestive either of 
tw 0 distinct phases — one passive and one “acbve” 
— in the reapient's handling of a single transfer 
substance in intact or disrupted sensitized leuko- 
c}'tes or, alternatively, of two leukocyte substances 
—one more and one less available — involved in the 
transfer If it can be assumed that the transplant 
was totall} destroyed by the 160th day, then the 
e\ idence tends to support the first hypothesis, inas- 
much as only a portion of the reactivity was lost 
when the exogenous leukocyte source of h}’per' 
sensitiMt} was removed 
The recipient’s deielopment of a speafic, de- 
la} ed-t}'pe cutaneous h}’persensitivit} to leuko- 
c:}’tes demed from the donor, together with her 
failure to deielop arculating agglutimns to these 
leukoc}'tes, are in accord with abundant evidence 
of tlie pre-eminent role of fixed tissue anbbod} 
rather than of arculating antibody mechanisms in 
the rejection of homografts and homotransplants 
(31-34) It was not deemed clinically justifiable 
to test the possibilit} that the reapient would 
manifest an accelerated rejection of another lymph 
node from the speafic donor 
All other technical considerations bang equal, 
the limiting factor in the longenty of transplants 
to patients with hj-pogammaglobulinemia is thus 
apparentl} tlie degree to which this diffuse disease 
of the reticulum has impaired the patient’s ca- 
paat} to del clop fixed tissue anbbod} Though 
usualh marked!} impaired, this capaat} is well 
retained in a minonti of patients inth acquired 
hi-pogammaglobulinemia (35) , moreoier, its pres- 


ence — though lerj weak — in congenitally h}'po- 
gammaglobulinemic children has been demon- 
strated b} Good (3) and Porter (36) 

The lustological findings in the exasion biopsy 
neither confirm nor deny the endence for either the 
plasma cell or the lymphocyte as the major cellular 
source of arculating antibody (37) The finding 
of relatively small numbers of plasma cells m 
microscopic sections may mean only that the pa- 
thologist’s “half” of the speamen contained a 
small, unrepresentative portion of the transplant 

WTiether or not the transplant ameliorated the 
reapient’s h}-pogammaglobuhnemia is a moot 
point, her chnical course before, dunng and after 
transplantation differed in no striking way from 
that of progressively severe hypersplemsm, or of 
progressive neutropema of any etiology Con- 
versely, it may be that the presence of neutropenia 
during the hfe of the transplant precluded effectiv'e 
ubhzabon of any anbbody synthesized by the 
transplant and that transplantabon was therefore 
not given a fair test Whether the theorebcally 
benefiaal effects of lymph node transplantation 
jusbfy the risks (pnnapally that of contraebng 
serum hepabbs) is tlius still conjectural, at least 
in the case of acquired hypogammaglobulinemia 
In congenital hypogammaglobulinemia, on the 
other hand, in which one may anbcipate survival 
of transplants for years rather than months, lymph- 
oid bssue homotransplantation remains an attrac- 
bve therapeubc possibility (35) 

Laboratory observations 

As predicted by Bo}d and Hooker (38), who 
demonstrated an inverse log-log linear rclabonship 
betw een the rabo by weight of antibod} to anbgen 
in equivalence-point preapitates and the molecu- 
lar waght of anbgen, the equivalence-point rabos 
of tjpihoid H- and O-anbbodies to whole bacilli 
anbgens w ere v ery low Consequently, individual 
measurements of anbbody precipitated from most 
serum speamens fell close to the limits of accuracy 
of the quanbtabve agglubmn procedure (9) — just 
be} ond the error of the micro-Kjeldahl technique 
— ^resulbng in curves the standard error of the 
slopes of which is relabvel} high 7 per cent for 
H-anbbody and 25 per cent for O-antibody 

10 Because comparablj high standard deviations were 
associated with both repeated determinations of the anfi- 
bodr nitrogen in one serum and single determinations of 
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TAStE n 


ifeajorrf ro/ti 0/ protttrt tynOiens by vartous fiuman and antmal liisuts and raics 
tstlmaied from rtceni taman btasyHihdte tumovtr data 


Ttwue 

IWenoce 

Uetbod 

ProUia smibesbsd 

EjrtwriineaUl coodlUota 

Rste 6t 
tytrtbwb 

llsnt/4ay) 

Normal human tltswa, tn tmo 

L>Tnph node 

This 

paper 

Tissue slice* 
bomotransplanted 
to hypogomma 
CtobuUiiemk: adult 

TyphoW 0-betaj- 
globulm 

Immune response Peak 
prmiary response 

Peak secondary response 
Artificial acquli^ immunity 
late 

36 

lOJ 

1 0 




TyphoW H-gamma 
(dobuiiD 

Peak, ptunary response 

Peak secondary response 
Artificial acqulml immamty, 
late 

6,0 

11 0 11.5 
2,0 

Rebculo 

endothelial 

system 

(22) 

Oral SM and S»* 
labeted i \ 

OralS“ 

OralN'* 

(j&mm&*globulma 

Steady itate* 

1 7-3 9 

1 7-5 4 

5 4-5 8 

Laver 


Oral and Lv S*‘ and 
S“ labeled iv 

Total plasma 
protein 

Steady itatcf 

7-15 


(22) 

Oral S« and S»» 
labeled Lv 

OralS** 

Oral N»» 

Albumin 

Steady statef 

34-64 

2 9-5J 
7-10 


(X!) 

Oral S« and S« 
labeled i v 

Fibrinogen 

Steady atatef 

1 4-2 4 

Normal animal tioues tn vtLro 

Uvtr 

(rat) 

(55) 

(56) 

Perfused whole liver 

Total pUama 
protdn 

Optimal perfusion conditions 
tissue (rom fasting rat* 

Tiosue from non faatint: mt» 

15-18 

50-701 

Liver 

(chicken) 

(58) 

Tissue oUces 

Albumin 

Optimal Incubation conditions 

25-3 0 

Pancreas 

(pipoon) 

(59) 

Tissue slices 

Amylase 

Tissue deleted of xyiuoccn 
by carbamybcholino pre- 
treatment 

15-25 

Anlenor 

pituitary 

(rat) 

(M) 

Tissue slices 

Protein hormones 

Opbmal Incubation conditions 

45-55 


• Estimates asaome average adult exchangeable gamma-globuUn pool o( 75 gra. (22) and aMuago weight of total 
adult reticuIo^ndothehAl lk»ue of 500 pm (5l) , , .. , 

t Estimates aasiune a\'crago adult excnangeaple total ptaasui protwn po« oi 5i0 pm nlbumm ol 300 pm^ and 
ebrinegn^of 20 ^ (54) and averape weipht of adult Hvw of 1500 pm 

{ Stclnb<S?i^ Tarver estimate rate of 45 to 65 mp per pm. wet weight hw per day In intact mt (57) 


Although It 15 not posable to state categoncally 
that the donor and the transplanted nodes tinder- 

different sera of equal liter (Table IV) it was coo 
doded that the major error In the experiment lay in 
the immunochemical roetbod ratlier than hi the apghiUnln 
Utratioo*. 


went a primary immune response to t>'phoid %*ac 
anCt the data suggest that thc> did Particular!) 
wnth respect to H antibod) — ordinanlv tlic most 
prominent anUbod) dc:% doped in response to im 
muniaation — the rclativch long initial induction 
pliase in the donor and in the recipient and the 
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Plasma \ olume and total exchangeable albumin (TEA) 
were determined bj methods previously described (1) 

The rate of metabolism of serum albumin u-as de- 
termined by several different means Methods employ- 
ing the rate constant of decrease in plasma concentra- 
tion of albumm-I*" after distribution equilibnum or the 
rate of urinary excretion of I*” released by degradation 
of albumin-I® have been prevnously described (1) and 
jnelded essentially identical values However, the vahditj 
of these methods depends upon the maintenance of steady 
state conditions During the control penod, serum al- 
bumm concentrations remained constant, and for prac- 
tical purposes it may be assumed that steady state re- 
quirements were satisfied. Under these conditions the 
rate of synthesis is equal to the rate of degradation. 
However, dunng the experimental period of thyroid ad- 
ministration, changes m the distribution and the rate of 
degradation altered the steady state so that the vahdity 
of these methods is satiated. Therefore, the following 
method, the vahdity of which is mdependent of the steady 
state, was employed for comparison of albumin degrada- 
tion dunng control and expenmental penods Smee 
radioactivity e.xcreted m the nnne m the absence of pro- 
teinnna represents P” released bj metabohe degradation 
of albumm-l“, the amount degraded each day was cal- 


culated as the product of the apparent renal clearance of 
plasma 1“ (“metabohe clearance ’) and the plasma con- 
centration of albnmm (Figure 2) • The total amount de- 
graded over each penod w'as then obtamed from the sum 
of the daily values < The quantity of albumm synthe- 

® It has been shown previously that the unnary excre- 
tion of P” reflects very closely the degradation of albu- 
mm-I*” owing to the v eiy rapid rate of renal excretion of 
the 1“ released by protem degradation compared to the 
rate of degradation itself (1) “Metabolic clearance” 
methods have also been used in the stud} of th}rroid hor- 
mone degradation (7) 

In subject P M the second dose of albumin-I“’ was 
admimstered 4 days after observations on the degrada- 
tion of the first dose of albumin-P” were discontinued. 
In subject T if the total exchangeable albumin was cal- 
culated from the space of distnbution of albumin-I*” 7 
days follow mg the administration of the second dose. 
In both instances the mean daily albumm degradation dur- 
ing the last S days of the treatment period was assumed 
to contmue mto these 4 and 7-day penods Although the 
rate of albumin degradation may have been slightly higher 
than the mean of the previous S da}^, this would not have 
introduced a sigmficant error in the values for total al- 
bumm degraded dunng thyroid hormone admimstration. 
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sired daring thyroid admmlttrabon was obtained from 
the differeitce between the total amoont degraded and the 
change in total exchangeabte albumin daring this period. 
Donng the control period the amount synthesued was 
taken to equal (he amotmt degraded. 

RESULTS 

CUtucal obscrvaticma and laboratory data which 
are not related to albumin metabolism are given m 
the Appendix, It is only necessary to note here 
that i\\ snbjccts developed clinical evidence of 
hypermetabolism akm to that observed m hyper- 
thyroidism withm about 2 weeks followiag frutia 
tion of tltyroid therapy 

Data pertammg to albumm metabolism arc sum 
manzed m Table I During thyroid administra- 
tion all subjects shenved a fall m total serum pro- 
tein concentrabon the mean value decreasing from 
7 03 i: 0.20 grams per 100 mi to 626 ± 0.37 
grams per 100 ml Serum albumin concentrabon 
fell from 4.62 ± 0.31 grams per 100 ml to 4 19 ± 
029 grams per 100 mi Plasma volume increased 
in all subjects with a mean change of + 104 per 
cent 

An increase in the overall apparent space of 
distnbubon accompanied by a proportionate!) 


greater fall m serum albumin concentrabon re- 
sulted m a decrease in TEA of 17 gm During 
the control period mtravascubr albumin was 145 
gm and cxtravascular albumm 205 gm After 
thyroid therap) the values were 143 and 18^ gm. 
rcspecbvtly mdicabng that the sight loss of ex 
changeable albumin was dem^ed exclusively from 
the cxtravascular compartmeni 
During thyroid administration there v-tis an m 
creased metabolic degradabon of albumin in all 
subjects This was suggested in the mcrcascd un 
nary excretion of (Fignre 1, Curves B D) 
Although the scrum albumin concentrabon fell, 
the marked increase m the fracbonal rate of aibu 
mm degradabon more than compensated for 
this faD leading to an increase in the quanbty of 
albumin degraded, Deternunaboa of the 'meta 
bobc clearance of albumm I‘” (Figure 2 and 
Table I) confirmed the increase m the absolute 
amoimt of albumin undergoing metabolic degrada 
bon. The mean \'alue of this increase was 81 
grams lAYth a range of 32 grams to 165 grams 
(Table I) Smcc loss of total exchangeable al 
bumin averaged 17 grams dunng the same period 
the average amount of extra albumin synthesued 
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dunng th\roid hormone therap) iras 64 grams 
Augmented albumin ^mthesis tlius amounted to 
about 79 per cent of the increase m albumin degra- 
dation In indindual subjects the increase in al- 
bumin sjmthesized dunng tlijTOid treatment pe- 
nods of 12 to 22 dais ranged from 22 to 128 
grams 

DISCUSSION 

Prenous obsenations in treated mjxedema 
haie established alterations in serum protein con- 
centration and distnbution Thompson, Thomp- 
son, Siheus, and Dailej (8) noted a decrease in 
serum protein concentration iihen thyroid hor- 
mone nns administered to tno subjects with mj'x- 
edema, and Boothbj, Sandiford Sandiford, and 
Slosse (9) observed a negative mtrogen balance 
following thjroxine administration in mj'xedema 
and concluded tliat extraiascular sites were the 
source of the lost protein Thompson (10) ob- 
scncd a decrease in blood \olume m myvedema 
wluch returned to normal with replacement ther- 
apj and Gibson and Hams (11) noted an in- 
creased blood volume in hj-perthyroid subjects 
Scliwartz (12) and Lewallen, Rail, Berman, and 
Hamel (13), emplojang labeled albumin, ob- 
ser\ed a decrease in extraiaiscular albumin in 
m\ ■'^edematous subjects treated wath desiccated 
thNToid The present study is consistent with these 
obserrations and indicates further that the reversal 
of the abnormalities present m myxedema is not 
simply referable to correction of a metabohc de- 
fect due to lack of thjroid hormone but also that 
similar changes can be induced by excessive 
amounts of the hormone even in the absence of 
such a defect This is m accord wath the wadely 
held concept that thyroid hormone does not pro- 
duce any quahtative changes in metabolism but 
acts as a regulator for the quantitative control of 
autonomous functions Howei'er, the present 
studies do not rule out the possibihty that the 
changes induced in myxedematous patients and in 
euthjTOid subjects are mediated through quah- 
tabvely different mechamsms Since the prease 
mechamsm of action of thyroid substances has not 
been definitely established, speculation on this 
point seems unwarranted at present 

Of speaal interest is the observation that, un- 
der the influence of thyroid hormone, albumin 
production by the hver mcreased to a level which 


nearly compensated for the increased albumin 
utilization, as a result of which no appreciable 
negatiie albumin balance occurred This is in 
contrast to preiious obscnaitions in proteinunc 
subjects that a decrease in the rate of albumin 
degradation rather than an increase in the rate of 
albumin symthesis was the mechamsm by which 
the body generally' compensated for the renal losses 
(2) It was not clear w'hether the failure to in- 
crease the rate of albumin symthesis in tliese 
cases represented a pathologic or physiologic limi- 
tation, since a protein synthesizing defect in ne- 
phrotic proteinuria has previously been suggested 
(4) However, it has recently been demonstrated 
that the low serum protein bound iodine levels 
frequently observed in nephrosis are assoaated 
wath a dimimshed rate of metabolism of thyroxin 
(14) It would then seem that the diminished 
degradation and limited symthesis of albumin in 
proteinuria are compatible with normal liver func- 
tion in a hypometabohc state The maintenance 
of a low serum albumin concentration in the pres- 
ence of sigmficant proteinuria actually minimizes 
protein loss in the unne and consequent depletion 
of tissue proteins since albumin excretion w'ould 
be expected to increase with increased albumin 
concentration, even if there were no nse in the 
rate of plasma albumin clearance by the kidneys 
Thus, a decrease in albumin degradation without 
stimulation of albumin symthesis appears to be an 
economical means of conserving body protein in 
the presence of proteinuna Because of the di- 
rect stimulation of catabohsm, a similar mechamsm 
IS not possible m thyrotoxicosis Hence, the body 
adapts to protein defiat m different ways depend- 
ing upon the manner in w'hich this defiat is 
acqmred 

The present study indicates that, at least under 
the influence of excess thyroid hormone, the nor- 
mal hver is able to elaborate increased amounts of 
serum albumin Whether or not the normal hver 
can increase its output under euthyroid conditions, 
assummg the demand is created by mcreased loss 
or ubhzation, cannot be answered by these data 
Whipple and Madden (15) observed a rapid 
restitution of serum protein concentration follow- 
mg plasmapheresis m dogs and attributed this to 
an mcreased rate of protem synthesis However 
smce the rate of protem degradation was not stud- 
ied, the possibihty that replemshment of protan 
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stores was effected by significant slowing of pro- 
tein catabolism rather than by acceleration of 
tynthesis cannot be excluded 

StnilTARY AND CONCLUSIONS 

1 Methods are described for the quantitative 
evaluation of albuimn degradation and albumin 
synthesis under non steady state conditions 

2 The distribution and metabolism of albumin- 
were studied in nme subjects before and after 

the adminutrabon of large doses of desiccated thy 
roid, Qimcal and bboratory evidence of hyper- 
metabolism developed dunng thyroid administra 
tion m all subjects 

3 There vras a decline in total serum protem 
concentration m all subjects wth a fall in both 
albumin and globulm fractions The total ratra 
vascular albumin remained essentially unchanged 
due to a concomitant increase in plasma volume- 

4 The fractional rate and absolute amount of 
albuimn degraded daily increased in all subjects. 
However augmented albumin synthesis resulted m 
only a small loss of total exchangeable albumin. 
This loss was sustained almost entirely by extra 
vascular sites 

APPENDIX 

/nrfcffnlal obiervotioKs 

Since there ii a paucity of data on cxpcnmcotal hy 
perthyroidlsm in human lobjects the following obterra 
tioni arc recorded. In oil •nbjecU the fint symptotiu 

of hypcrtbyroidiam appeared m about two week* Tremor 

was noted in 7 robjects and heat fntolerance in 4 Ap- 
petite wM noticeably Increased In 3 lubjccts but dimln 
ijhcd in I patient None of the robjeetj dcrcloped diar 
rhea, and only I tubject noticed ®n increaje m bowel 
movements, Fi\'e of the 9 tubjecti cocnplalned of oc 
cipital headache present on arising and lasting for scr 
eral hours, which is not commonly reported m assoaa 
tkm unth hyperthyroidism. This lymptom could not be 
attributed to hypoctycemia since fasting blood sugar 
values were normal and the headaches were not rcllered 
by food. There were waght losses of 8 to 19 pounds 
over the 13 to 2S-day periods of thyroid admimstratioa In 
all of the 5 subjects in whom weights rsere recorded. 
Blood pressure values remained essentially unaltered 
during thyroW therapy The resting heart rate in 
creased to 96 beats per minute or more m 8 of 9 sub- 
jects. The basal metabolic rate increased from +22 per 
cent to + 49 per cent above the control level with a mean 
rise of +37 per cent In three subjects In whom serum 
protein bound wdme concentratioos vi-cre obtained, values 
ranged from 9 m k rogr a nu per cent to 14 mlcrograms 


per cent dunng the penod of t hy roid adm m is tf afaop. 
Omtrol values were not obtained but the normal range 
in this laboratory is 3,8 to 7.5 micrograms per cent 
Total serum cholesterol concentrations were depressed 
to approximately 60 per cent of the control values and 
no abnormalities in serum bilirubin or cepbalin floc- 
enUtion were noted in 3 subjects. However In these 
3 subjects the thymol turbidity fell from 32, 3 4 1,6 to 
1 1 2.0 0.5 Shank Hoagknd units, respectively 
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ERYTHROCYTE PRESERVATION VIII I.IETABOUC DEGRADATION 
OF NUCLEOSIDES IN VITRO AND IN VIVO ‘ 
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It haa been shown previously that the addition 
of inosme to ACD preservative * prolongs the ef- 
fective period of in vtlro storage of erythroqrtes 
(1) Inosme is nuliied by the red cell after a 
phosphorotytic cleav^e to nbose-l-phosphate and 
Itypoxanthme, mediated by a nucleoside phos- 
phorylase (2, 3) Ribose-1 phosphate enters the 
'aerobic shunt pathway” of glucose metabo- 
hsm after conversion to ribose-5-phosphate, and 
a subsequent effect is a generation of ATP • and 
the resultant maintenance of the energy reserve 
of the red cell (4) Inasmuch as the red ccH 
lacks the ene}'me xanthine oxidase (5) it is evi 
dent that the other cleavage product hypoxanthioe, 
IS not metabolued further but remains in the red 
cell and the plasma during storage. 

The present lovestgatioa is concerned with the 
rate of conversion of inosme to hypoxanthme by 
the red cells and the ratio of these substances In 
the plasma of blood stored in ACDl, as well as 
the m two metabolism of inosme after infusion 
Related studies on the nucleosides adenosine and 
guauosme, will be presented also 

iretHona 

Homan blood wai collected In ACD and the nodeoiUe, 
diwolved m OiJ per cent NaCl, was added utlh rterlle 
precautions 

loosrae and adenosine were obtained from Schwaw 
Laboraioncs hypoxanllnnc and ffuanonne from Nutri 
tiooal Blo ch e m icals CorporutiotL 
Hemolysis durmc Horace wa* determined by the 
measurement of plasma hemojloblo as the pyri^c be- 


1 This work was supported In part by research grants 
from the U S Atomic Energy Commission and the 
OfBce of the Surgeon General, Departmert of the Army 
* Add-dtrate-dextrose, National Institutes of Health 
Formula B 

*The folIo^^■^ng abbrenatioos have been used ATP = 
adenosine triphosphate PCA = perriik)rK add ACDI 
ACDA ACDG = aad-atratc-d«troic, motlne, adeno- 
sine or guanostne, respecthrely 


mochromoffcn according to the method of Flink and 
Watson (5) 

Paper chromatography (oae-diraenslcmal) on What 
man No. 1 filter paper was performed with the following 
solvent systems lsobut 3 rnc add concentrated amm o nia 
vratcr (66 1 33) n butanol water (S6 14) and water 
adjusted to pH 10 with NH,OH accordmg to the meth 
ods described previously (1) After identification of the 
punoc-containlng compounds with the use of an ultra 
wolct light (Mlncralltc) the matenals were eluted from 
the paper with water and measured ipectrophotomctrlcally 
These substances were estimated also by quantitative 
densitometry* of the paper chromatograms. 

The hypoxanthme content of the plasma and red cells 
was determmed enaymatically using xanthine oxidase 
(7) except that the assays were performed on neutraHxed 
PC^A filtrates of the varioau fractions. 

Add filtrates of plasma were prepared in the fotlow- 
tog way 2 ml of plasma were added to 2 ml of cold 0 & 
N PCA, mixed and centrifuged at 4 C for S mm 
otej at 15,200 Xgi The precipitate was washed once 
with 2 mL of cold OJ N PCA a^ the centnfugation was 
repeated. The supernatant fluid and the washing were 
combined and neutrallied with cold 20 per cent KOH 
followed by centrifugation at 4 C for 10 minutes at 
15,200 X g The KQO predpitale was washed once 
with 2 ml of cold distilled water and centrifugation re- 
peated. THs second s u per na tant fluid and the washing 
were combined for analytis Add filtrates of the red 
ceils were pretared in essentially the same way Ap- 
proximately 4 ml of cells were washed tv.'ke with an 
equal volume of cold 0 l 9 per cent NaQ each time with 
centnfugabon for 20 minutes at 1,700 Xg» The wash- 
ings were disearded, since they contained only negligible 
amounts of ultraviolet absorbing matenals, 

A SO per cent ccD suspensKm was pr e p ar e d with 0.9 per 
c«t NaCL Hematoent detcrminatiotis W‘ere made on 
this cell laspensioci. One ml of celt tuipenslon was ad 
ded to 3 mL of cold 0 6 N PCA, and the neutralizatkm of 
the aad filtrate proceeded as desenTjed above. 


• Photovolt densitometer Model 301A phototube D 
filter 5265 nuve-Iength 253 m#u 

• Twelve thousand rpm Intcruatfonal Centnfuge Model 
PRl high speed attadunent radhis from bottom of 
tube equals 9.5 cm. 

• Three thousand rpm International Centnfoge Model 
PRI rotor \o. 269 radius from center of tube equals 
17 cm 
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Absorption spectra measurements m the region of 230 
to 300 mp- V. ere obtained wth the use of the Beckman DU 
spectrophotometer on the PCA filtrates of plasma or 
red cells Since both hypoxanthine and inosme ■were 
present in the plasma of blood stored in ACDI or ACDA 
(1, 4, 8), the relatiie amounts of each substance could 
not be estimated directly from light absorpbon measure- 
ments alone How ever, after the amount of hypoxanthine 
had been determined by means of -canthine oxidase, it 
w-as possible from the hght absorption data on the plasma 
filtrates, to correct the extinction i-alues at 249 mp (peak 
hght absorption of hjTioxanthme millimolar extincfaon 
coeffiaent— 10 5) for hypoxanthine concentration. The 
readings were also corrected for the light absorpbon of 
appropriate control samples, t c , untreated wnth nucleoside 
Thus a value was obtained which was due to mosine 
Approximatelj 400-fold dilutions were made of all sam- 
ples for spectrophotometnc measurement, and the hght 
absorpbon of the control samples dunng storage was 
less than 2 per cent of the nucleoside-treated samples 

Unc acid was determined on plasma and unne by the 
uncase method of Dubbs, Davis, and Adams (9) 

RESULTS ANT) DISCUSSION 

Storage of blood in ACDI 

The ratio of hj-poxanthine to inosme dunng the 
storage of blood in ACDI at 4° C was determined 
m two e.\penments In the first imestigahon, 
onlj the ratio m the plasma was estimated, w'hile 
the second studj imolved the ratio of the two 
compounds m both plasma and red cell fractions 

Experiment 1 Human blood was collected m 
ACD and dmded into tw'o 100-mI aliquots After 
24 hours of storage at 4® C, 20 ml of 05 per cent 
NaQ were added to one aliquot, and 20 ml of 
inosme solution m 09 per cent NaQ (1300, 
/imoles, 1 e , 3,000, /unoles per 100 ml red cells) 
were added to the other Analjses were per- 
formed subsequent!} on da}s 4, 9, 15, 23, 37, and 
57 

There is progressive uptake of inosme by the 
red cell (c/ , Table I), so that b} 57 days there are 
onlv 14 ^oles of mosine remaimng m the plasma, 
while 1,286 /iraolcs have been taken up b} the 
cells Of this amount absorbed, 440 ^imoles have 
returned to the plasma as h}-poNanthine, leaving 
846 /imoles inside the cells as mosine and h}’poN- 
anthine Paper chromatographic expenments re- 
vealed that onl} two ultravaolet absorbing ma- 
tenals, t c , h}-poxanthinc and inosme, w ere pres- 
ent m the plasma fractions throughout storage 
Furthermore, quantitative dcnsitometr} of the 


chromatograms confirmed the ratios of h}q)ON- 
anthine to inosme giv en m Table I The enzjmie 
responsible for the phosphorol}tic cleavage of the 
nucleoside, nucleoside phosphorylase, has been 
shown previously to be m the soluble portion of 
the red cells (3) 

After phosphorolytic cleavage of mosine, the 
nbose moietj' is metabolized further by the red cell 
dunng storage (4), while the nitrogenous base, 
hypoxanthine, remains unchanged As the time 
of storage progresses, hypoxanthine diffuses from 
the red cell into the plasma fraction in increasing 
amounts 

Experiment 2 Human blood was collected in 
ACD and divnded into two aliquots 1) 100 ml 
blood + 20 ml salme, 2) 100 ml blood 4- 20 ml 
mosine solution (1,272 ^oles, ic, 3,500 /imoles 
per 100 ml red cells) Both ahquots were stored 
at 4° C for 36 days The data are reported m 
Table II After 36 days of storage there were 
742 /unoles of hypoxanthine and 361 ^unoles of 
inosme distnbuted between the plasma and red 
cell fractions, or a total of 1,103 ^oles of ma- 
tenal This leaves 169 /unoles (13 per cent of the 
ongmal amount of mosine) unaccounted for This 
loss of matenal is unexplained, at present, al- 
though paper chromatography indicated the pres- 
ence of an unknown compound capable of absorb- 
ing ultraviolet hght m the nucleoside-treated 
sample which was not present in the control 
erythrocytes 


TVDLE I 

Plasma hypoxanthine tnosine ratio of blood 
stored in A CD I 
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IncoiDe 

abwrbcd 


1 

4 

l,300t 

928 

143 

0 15 

372 

29 

9 

709 

241 

0 34 

S9I 

46 

15 

538 

296 

0 55 

762 

59 

23 

277 

298 

1 08 

1,023 

79 

37 

ISO 

376 

2 51 

1,150 

89 

57 

14 

440 

31 40 

1,286 

99 


• The plasma fraction represents the plasma, ACD, and 
the saline diluent for mosine added to the 100 ml aliquot 
of blood (20-ml mosine solution) 

tAJI values have been corrected tor the values of the 
control sample (100 ml aliquot of blood stored in 
ACD + 20 ml saline) 

t Thirteen hundred ;imoIes inosme added after 24 hours* 
storage 
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tabix n 

Th* r^toniktp cj hypteeanihhte to inotxn* in plasma 
and red cells of blood stored tn A CD I 


Human blood wm rtored for 36 day* m ACD (100 mL 
blood 4- 20 mL lallnc) and in ACDI (100 ml blood + 20 
ml Inoaine ■■ 1272 wnok*) 



SS dajt ttored (ACDI) 




HxiU 


!*• 

HX* 

ntlo 

Plaiaaa fraction 

330 

529 

16 

RBC fraction 

31 

213 

69 

Totalt 

361 

742 



• Hx *■ HyjxBcantMne fa " Inoamt. 

t Total recovery ot 1,103 iimolci (361 4- 742) la 87% of 
the original amount. All values are corrected lor those of 
the control (ACD) 

Calculations of the concentration of Itypcrc- 
onthme in cither plasma or red cells revealed that 
at 36 days of storage there was an equilibrium es 
tablished (approximately 6 /imoles hypoxanthme 
per ml ) 

Storage of blood tn ACDA and ACDO 

Similar expemnents were earned out on blood 
stored in A(iD with the addition of either 1^00 
/unole* of adenosine or 1,300 ^olea of guanosine 
under condition* identical to those described ra 
Expenment 1 

In the study of blood stored m ACDA it was 
apparent from paper chromatographic analysis 
that, after 4 days of storage, there was no adeno- 
fime in the plasma fracbon, and that mosinc and 
hypoxanthine %\crc the only ultraviolet absorbmg 
substances present- In the plasma filtrates 
throughout storage (* e from 4 to 57 day..) maxi 
mum light absorption occurred between 247 and 
249 By direct measurement, the amounts and 
ratios of hypoxanthine and inosme ^vc^e 8un3ar 
to those described for blood stored m ACDI c g 
on days 4 9 15, 23 37 and 57 the raUos of by 
poxanthme to inosine in the plasma were 009 
023 076 1 60 270 and 357 respecb^'ely 
Thus it appears as if storage of blood with adeno- 
sine is quite sunibr to storage with Inosinc ex 
cept that the cn^Tnabc conversion of adenosine 
to inosine tna the adenosme deaminase (10) re- 
sults in the liberation of ammonia which accumn 
lates in the blood during storage (1) This con 
\crsion of adenosine to inosine is complete after 


TAUi-E m 

ITmoJyns during stomte of blood in ACDI and ACDA 


Dxyt 

ttorixv 

Me- boDottobla p«r 100 al. phnna tncttoa 

Coatrcl* 

ACDr* 

ACDA* 

4 

29 

14 

15 

9 

37 

24 

35 

15 

59 

34 

42 

13 

111 

56 

61 

J7 

292 

102 

107 

57 

1,296 

362 

329 


* Control (ACD) - 100 mL blood + 20 ml mime, 
ACDI too ml blood + 20 idL Inoiine (1 300 ^unoles) 
ACDA " 100 mL blood +20 ml adenosine (l^OO^anole*) 


one-hour incubation of stored cells mth adeno- 
sine (1) The above evidence js confirmatory to 
previous work from this laboratory (4 11) and 
m accordance with the observations of Rubinstein, 
Kashket, and Denstedt (8) 

The degree of hemolysis m blood stored in 
ACDI and ACDA is compared m Table III 
The similarity is apparent, inasmuch as the pres- 
ence of either nucleoside suppresses hemolysis 
dunng storage, although all \’alues are rclahvcl) 
high due to the fact that at each time of sampling 
the blood was agitated by thorough mixing 

Analyses of plasma removed from blood stored 
m ACDG show that guanine is the punne base’ 
h*berated from guanosme as a result of phospUoro- 
lytic cleavage- Guamne is not degraded further 
dunng in vitro storage. Studies employing paper 
chromatography rc\cal that the increasing con 
centrahon of plasma guanine dunng storage Is of 
the same order of magnitude as the amount of 
plasma hypoxanthine found in blood stored in 
A(!DI Neither adenosme nor inosine were de- 
tected in blood stored in ACPG 

The fate of hypoxanthine and guamne after tnfu 
non of their ribosides 

It was of mtcrest to in\eftigatc the metabolism 
of punne moieties of inosine and guanosine after 
intravenous administration of these punne nu 
cleosides into human reapients 

Two expenments were performed in which 
normal subjects received about 7 CKX) ^onole* of 
inosine intravcnouslj in a 500-ml fialinc infasion 
Tins amount of inosine is equivalent to that re 
quired for the prcsenution of one unit of blood 
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TABLE U 

Serum urtc acid after inosire infusion 

Expcnmcut 1 Xormal male sub]ect (99 Kg ) received 
intra\-cnoiisly 6,960 ;imoles inosine cncr a penod of 
1 S hr 

Ejcpenment 2 Isormal male subject (103 Kg ) receir-ed 
mtra\cnou5ly 7,470 /imoles inosine o\er a penod of 
125 hr 


Time after end 
of Infasion 

Me. iiric add per 

100 mL ceiTim 

Expt. 1 

0 

6 1 

5 min 

88 

45 min 

98 

3 hr 

74 

5 hr 

84 

Expt. 2 

0 

6 1 

8 min 

11 5 

1 hr 

100 

3 hr 

89 

5 hr 

87 

8 hr 

85 

27 hr 

6 1 


Lei els of unc aad in serum and unne were deter- 
mined at vanous tune intervals after the infusion 
A transient nse m serum unc aad tvas produced 
soon after the infusion, but the t’alue returned to 
normal in about 24 hours (Table IV) 

Unc aad excretion iras measured over a pe- 
nod of about 2 dajs after the infusion and ^vas 
compared to the normal excretion levels of the 
subjects Approximately 32 per cent of the dose 
of inosine %vas excreted as unc aad dunng a pe- 
nod of 24 hours after the infusion (Table V) 
Subsequent sampling indicated that an additional 
10 per cent of the dose i\'as excreted over the next 
12 hours at \\hich time the unc aad levels had 
returned to normal 

Although these expenments are preliminary in 
nature, it is probable that the senes of events 
which occur in znvo after the infusion of inosme 
are those shown in equation (I ) 


TABLE V 


Unc acid excretion after inosine infusion 
Experunental condmons as in Table IV 



/unoles uric add excre- 
tion above normal 

% dewe of inosine 


in 24-hoar port 

excreted as uric 


Icfuilon period* 

add in 24 hr 

ExpL 1 

2,427 

349 

ELxpt. 2 

2,344 

31 4 


* Normal urinary unc acid iras established m the sub- 
jects as 3,993 jimoles per 24 hours 


Guanosine (7,060 junoles) was adinimstered 
similarly to a patient ivith leucopenic leukemia, 
and the data recorded in Table VI indicate that 
the metabohe end product of the punne base in 
this case was the same, i e , unc aad It is prob- 
able that the phosphorolysis and oxidation proceed 
according to equation (2) 

Prevnous studies on the subcutaneous injection 
of guanosine have demonstrated mcrements of 
unc aad excretion in the unne (12) While 
neither these previous results nor the data pre- 
sented in this communication permit any conclu- 
sions as to the unnary yield of converted nucleo- 
side, they would appear to be mthin the range 
observed after the intravenous administration of 
unc aad alone, i c , about 60 per cent (13) 

TABLE VI 

Serum unc acid after guanosine infusion 

Patient (58 Kg ) with leucopcnic leukemia received 
intravenously 7,060 ;imolcs guanosine over a period of 
one hour 


Time after end 
of Infusion 

Me. uric add per 

100 mt terum 

0 

44 

10 min 

10 9 

2 hr 

11 9 

3 hr 

12 0 

5 hr 

13 3 

12 hr 

10 8 

20 hr 

65 


nucleoside xanthine xanthine 

phosphoiy lase oxidase oxidase 

inosine hypoxanthme -xanthine -unc aad (/) 

Pi \ + (Oi) (Oi) 

ribose-l-phosphate 


nucleoside 

phorphorylase 


guanosine * guanine 

Pi \ , 

ribose-l-phosphatc 


guanase 

H/) 


- xanthine - 


xanthine 

oxidase 


- unc aad 


( 2 ) 
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SUMMARY 

After bong taken up by erythrocytes mosme 
undergoes enzymatic phosphorolysis to yield n 
bose-I phosphate and hypoxanthine. The hypox 
an thine diffuses outward into the plasma during 
storage until an equilibnum is reached with that 
inside the cells 

Adenosine is converted rapidly to mosme dur- 
mg storage and is utihxed through the same mcta 
bohc pathway with the resultant mcreasmg con 
ccntration of hypoxanthine m the plasma. Guano- 
sine 15 utilized similarly with the exception that 
guanine is the purme base which accumulates In 
the plasma 

The intravenous administration of mosme m 
dicates that the hypoxanthine is craducd further 
in two to unc aad Likewise, guanosme infusion 
results in increased concentrabons of unc aad m 
the blood serum 
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That hypocalcemia may occur accompanying or 
follovvang dehj dration m infants has been stressed 
by Rapoport (1, 2) Several possible mechamsms 
have been suggested to explain this phenomenon 
Rapoport considered the hj'pocalcemia part of the 
"post-aadotic syndrome” and thus a part of a 
readjustment phase followang treatment Hyper- 
phosphatemia secondary to renal impairment 
could contnbute to hj'pocalcemia as could rapid 
dilution of the extracellular fluid dunng therapy 
A study of infants vnth hypematremic dehydration 
revealed that hj'pocalcemia often appeared in this 
condition pnor to therapy and that hyperphospha- 
temia was not a necessary concomitant (3) Fur- 
ther examination of the data suggested that the 
serum calaum concentration showed a roughly 
inverse correlation w'lth the serum sodium con- 
centration Thus hj-pematremia per sc might be 
a major causative factor of this hypocalcemia 
This report deals with an expenmental approach 
to test the latter hj'pothesis 

METHODS 

The expenmental plan vvas to thirst young rats for a 
penod and then inject sodium salts mtrapentoneally , 
subsequently the animals were to be bled and analyses 
performed on serum and carcass for electrolytes 

The animals used in the expenraents were male albino 
rats of the Wstar strain weighing between 100 and 200 
grams and fed a standard diet The composition of the 
diet was casein, 250 gm., com starch, 510 gm^ vegetable 
oil 149i gnu, Brewers j’east, 50 gm^ USP salt 
mixture No 14, 40 gnu, and percomorph liver oil, 05 
gnu The low potassium diet used m some of the expen- 
ments was obtained from Nutritional Biochemicals Cor- 
po ration. 

The intrapentoneal solutions injected (100 ml. per Kg ) 
contained the following concentrations of ions m mEq per 


V Presented m part at the Soaety for Pediatnc Re- 
search, Bucl Hill Falls Pa. May, 1956 Supported in 
part b> the Research Fund of the Highlandtown Ex- 
change Qub of Baltimore. 


L. (The designations used below wall be continued in 
the text) 




Na 

a 

HCOi K 

Isotonic 

Na 

150 

120 

30 

Hypertonic 

Na 

300 

240 

60 

Hypertonic 

Na + K 

300 

275 

75 50 


The rats were placed in metabolism cages for unne col- 
lection. Except where speafied otherwise, the rats were 
thirsted 24 hours prior to injection and thereafter A 
weighed amount of food was left available but it became 
apparent that the thirsUng animals would not eat 
whether or not thej received mjections The animals 
were sacrificed 24 to 48 hours following injection after 
anesthetizing with intrapentoneal sodium pentobarbital 
(50 mgm. per Kg ) and obtammg blood from the ab- 
dominal aorta. 

Serum vvas immediately separated from the red cells 
after clotting and chemical analyses subsequently per- 
formed. The chemical methods are those previously re- 
ported from this laboratory (3, 4) Sera and unnes were 
analyzed for Na, Ca, Cl, K, Urea N, and osmolanty 
The latter determination vvas made usmg the Fiske 
osmometer In addition P, protein, CO, content, and 
water determinations were performed on the serum. 
Calaum determinations throughout this study were per- 
formed by the method of Harnson and Hamson (5) 
Carcass analyses were performed by drymg the skinned 
carcass to constant weight and then gnndmg the dned 
skm and carcass 

The resultant material vvas thoroughly mixed and du- 
plicate aliquots were analjzed following ether extraction 
of the fat. Sodium and potassium were determined by 
flame photometrj after dry ashmg Calculations of the 
extracellular concentrations of ions were made by cor- 
recting for serum water content and by multiplying 
cation and dividing amon concentrations by the Donnan 
factor of 0 96 The carcass content of Na, K, and Q are 
expressed as mEq per 100 gm. of fat free solids Tissue 
nitrogen is e.xpressed as gm per 100 gm. of fat free solids 
The chlonde space (used as an approximation of extra- 
cellular fluid) IS calculated from the total chlonde con- 
tent of the carcass and the extracellular chlonde con- 
centration. 

In these expenments the mtestmal tract and its con- 
tents were mcluded m the carcass analyses in all groups 
To assess the possible role of the mtestmal content five 
control animals were analyzed after removal of intestines 
and compared to five animals simultaneously analyzed 
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tabu: I 


iCwttitj of anaXyiti of stn and ccfcaxtts ftSlovnni inlrapeniantal ptjHiion «f hypaionic 
ha soltdtxm tnlo Ikiniisit onjmaXs 


Strom Ca 
O^tJlOOwU.) 

ECFN» 

diWlile ipMs 
(wt/lOO 

N* E 

{mEoJJOO rn. fjj, ) 

C«m0 

K/S 

{nE4jtn.) 

N’t/E 

74 

166 

119 

30.2 

25.3 

1 82 

UO 

7.5 

170 

125 

29 4 

28 4 

1 72 

lOi 

88 

159 

126 

254 

230 

U1 

1 10 

8.6 

160 

126 

26.3 

21.8 

193 

1.21 

78 

189 

126 

27 8 

204 

147 

1 36 

8.3 

171 

963 

24 7 

24 6 

1.57 

I 01 

70 

174 

101 

24 7 

238 

lull 

101 

79 

180 

100 

254 

24 0 

1j5* 

1 06 

79 

161 

119 

244 

23J2 

J 91 

105 

84 

155 

132 

25 9 

23 1 

165 

1 12 

8.5 

176 

121 

27 8 

22 9 

162 

1.21 

Average of 16 thlfstiDg control tmnnalt 

lOJ 

147 

116 

214 

25 8 

2J2 

0 81 

±0.21 

±5 I 

±3 0 

±022 

±0J6 

±0 05 

±005* 


* Standard er r or of the mean 


m the usual fuhlotL No sigtuficartt differoKxs were 
found for Na, K, Cl, or N corrtent b etw een the two 
groupi. It should also be pointed oait that the tWratln® 
rats in the espenraents dted bad yery httle mtestmal 
content when uenficed. 

RESULTS 

Behavior changes m the thirsting rats were ob- 
served though they were not striking The am 
mals became somewhat withdrawn and lethargic 
but were hyper imtable to stimuli One animal 
of the sodium loaded group had some muscle 
twitchings which simulated tetany but neither the 
hypocalcemia nor the other chemical derangements 
m this animal w ere more pronounced than in others 
studied Animals receiving the low potassium diet 
failed to grow and appeared particularly listless 
and sick after intrapentoneal injection. In gen 
cral the changes m behavior obsened were not 
consi 5 tcntI> different between thirsbng controb 
and thirsting injected animals hence such changes 
seemed largely attributable to thirsting alone 

Hypocalcemia could be r^larly reproduced by 
the intrapentoneal injection of hypertome sodium 
solution into thirsting rats The thirsting state 
was chosen because in prcluninarj experiments 
with simitar loads where the animals could dnnk 
after injection neither sodium excess nor h\'po- 
calccmia could be induced Tlie tunc of Weeding 
IS of some importance m detecting hj^pocalccmu 
mduced in this manner Animals sacrificed 12 
hours foUomng injection did not ha\e hj^iocal- 


cenua nor did a few surviving rats who wttc ex 
arained at more than 72 hours port injection. 
Hence the animals discussed herein were all cx 
arained between 24 and 48 hours post injection. 
The pertinent data on eleven such annnals wdth 
carcass analyses are presented In Table I and 
cootrarted to the average values obtained from 16 
umnjccted thirsting control animals Though all 
of the injected animals are hypocalcemic the de 
grec of h>-pocalccTraa does not correlate mth the 
degree of hypernatremia or of body sodium m 
crease Table II contrasts animals injected with 
the h}*pertcmic Na solution with three types of 
controls umnjected receiving water ad libitum, 
unmjected and thirsting and thirsting animals 
injected with an equivalent volume of isotonic Na 
solution The mean serum calaum values in the 
three control groups arc m the normal range. 
There is no overlapping of calaum levels between 


TAtOX 11 

Effect of tnjeriton of ho xointhns 

{too ml Kg ) on xtrum Co 






erf 




iTriinaB 

Solfftloa 

Thlm boert 

(nfVrAJW) 

20 

None 

None 

ica±oi4* 

12 

None 

48 to 72 

ioj±oa2 

6 

liotonK: \a 
(150mEq/U) 
Hi-pcrtonicNa 
(300 mEq /L.) 

48 to 72 

10.2 ± 0J3 

7J ± OJS 

27 

48 to 72 


Standard ctrof of tbe mean. 
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the h}-pertomc Na group and the other three and all 
of the calaum ^•alues are less than 9 mg per 100 ml 
in the group of experimental animals injected wth 
hj-pertomc sodium solution Total serum protem 
concentrations showed no differences among the 
v'anous groups, the o\eralI range w’as from 574 
to 7y8 gm per 100 ml vath an a\erage of 649 
gm per 100 ml These ^•alues did not differ sig- 
mficantly from unthirsted rats 

Thirsted but unmjected animals lost weight in 
the order of magnitude of 10 per cent of their im- 
tial w eight and had a ery scanty (usually less than 
1 5 ml ) unne output The animals injected wnth 
hj'pertomc solutions showed shght but variable 
w eight loss at 24 hours (1 0 to 6 0 per cent of im- 
tial weight) and put out unne %olumes from 3 7 
to 9 0 ml m the first 24 hrs WOien the expen- 
ments were earned to 48 hours the weight losses 
in the injected group approached those of the 
thirsted controls though the second 24-hour unne 
output dimimshed sharply in amount The serum 
urea N concentration rose in all thirsted animals 
to about 40 mg per 100 ml and this concentration 
was roughly proportional to the length of the 
thirst No intergroup differences were noted 
Osmolanty determinations earned out on the sera 
paralleled the sodium concentration in tliese ex- 
penments and appear to add nothing to the data 
tabulated herein Unne osmolanty determinations 
re\ ealed the remarkable ability of the rat kidney to 
excrete a concentrated unne up to mlues to 3000 
mOsm per L Among the animals injected with 
hj-pertonic solutions no inter-group differences in 


osmolanty w ere noted including the potassium de- 
fiaent ammals 

The extracellular sodium concentration in the 
expenmental group w'as sometimes only slightly 
increased abo\ e control ralues The carcass analy- 
ses howeier make it apparent that total body Na 
IS consistently increased in these ammals whereas 
in some control ammals which have shght hyper- 
natremia but without increased Na content, no hy- 
pocalcemia occurred The mean carcass sodium 
in the expenmental animals is 26 6 mEq per 100 
gm f f s in contrast to a mean of 21 4 mEq per 
100 gm f f s in the controls The chlonde space 
calculations showed no significant differences be- 
tween hypocalcemic animals and controls A 
third obsen-ation from the carcass data indicated 
a considerable potassium defiat in the sodium 
loaded hypocalcemic ammals The first tivo hnes 
of Table III summanze these data Control and 
expenmental \’alues for K/N ratios are given to 
indicate the extent of the potassium defiats The 
data suggest that the relative quantities of total 
body sodium and potassium might be important in 
determining the observed hypocalcemia The 
Na/K ratio which expresses this relationship 
mcreased from 0 81 in the controls to 1 13 m the 
expenmental animals This nse is the result of 
combined inaease of sodium and decrease of 
potassium 

To test whether potassium defiaency alone 
might account for the hypocalcemia, rats were 
made potassium defiaent by feeding a virtually 
potassium free diet for 21 days This diet which 


TABLE III 


Comparison of moan serum and carcass analyses on controls, hypertonic Na loads, Na + K loads, 
K deficiency, and K deficiency plus hypertonic Na loads 


Anlmali 
(No ) 

Scrum Ca 
(mr /lOO ) 

ECFNa 
imB: /JL) 

Chloride space 
(rrl /JOO tm fjj ) 

K/N 

ImEqJtm ) 

No/K 

(mEfl /mEq ) 

Controls (16) 

10 3 ±021 

147 ± 1 0 

116 ±3 

2 22 ± 0 05 

0 81 ±0 05* 

Na load— 

300 mEq /L 

100 ml /Kg 
(11) 

so ±0 17 

169 ± 2 5 

117 ±38 

1 69 ± 0 04 

1 13 ±0 03 

Na + K loaded 

0) 

10 0 ± 0 25 

160 ± 1 1 

120 ± 3 4 

2 38 ± 0 04 

0 86 ± 0 02 

K defiaent (6) 

10 0 ± 0 06 

147 ± I 4 

120 ± 3 1 

1 75 ± 0 04 

0 86 ± 0 03 

K defiaent plus 

Na load (8) 

7 6 ±0 12 

172 ± 1 9 

116 ±33 

1 43 ± 0 05 

1 43 ± 0 05 


SEM 
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was also low m magnesium content contained 170 
mEq of sodium per Kg The nmmals were 
thirsted for 24 hours and half the group were 
injected with the hypertonic Na solution. The 
last two sections of Table III compare these two 
groups of ammals The umnjected potassium dc~ 
fiaent animals were not hypocalccmic, though the 
chlonde spaces were on the average slightly 
greater than in the mjected ammals The ratios 
of K/N showed the mcpcctcd decrease The Na/K 
ratios were only shghtly increased over control 
animals fed the standard diet (Tables I and III) 
which may be due to the low magnesium content 
and the reiatrvely low sodium content of the po- 
tassium deficient diet Cotlove, HoUiday, 
Schwartz and Wallace (6) found that when rats 
were fed a diet defiaent in magnesium mtracel 
lular potassium defiat was not accompamed by an 
mcrcascd intracellular sodium such as occurs on 
a low potassium, high sodium diet When the 
intrapentoncal hypertomc Na solutions were given 
to the potassium defiaent animals hypernatremia 
and hypocalcemia occurred with concentrations of 
calaum uniformly less than 9 mg per 100 mt 
there was a further strikmg redaction m K/N ra 
to, and finally the Na/K rato showed the ex- 
pected marked increase The czpenraent mdi 
cated that potassium defiaency without sodium 
excess was not responsible for the observed hypo- 
calcemia. 

To test whether sodium excess without potas- 
sium defiaency would result m hypocalcemia 
another experiment %vas done in which potassium 
was added to the sodium loading solutoa Seven 
rats receiving the stock diet were thirsted and m 
jeeted with the hypertomc Na + K solution The 
second and third Imcs of Table HI compare the 
results in these ammals vath those in which the 
hypertonic Na solution Vins given. The animals 
given added potassium were bypcmatremic but not 
hypocalccmic , there were no significant differ 
cnees m the chlonde spaces beUveen the tivo 
groups the ammals receiving Na + K had normal 
or increased K/N ratios and the Na/K ratio is 
nearly that of the controls despite an absolute in 
crease m carcass sodium The average value for 
this sodium was 28.5 mEq per 100 gra fat free 
sohda a dear cut increase over the control raluc 
of 21 4 in Table I 


No pH determinations were done in these ex 
penments however, CO, content dcterramations 
showed no differences between thirsted controls 
and the hypertomc Na loaded animals Values 
ranged from 16 to 20 mEq per L, except fn am 
mals which had received the potassium free diet 
In the latter animals CO, levels ranged from 25.8 
to 31 4 mEq per L. again with no differences be 
tween the lypertome Na group and the * controls * 

The influence of the serum phosphate concen- 
tratiou ma> be e\’aluated b} the figure m which 
the concentration of serum calaum it plotted 
against the scrum phosphorus level for these 
groups of animals hypertomc Na loaded, hyper 
tome Na + K loaded and thirsting umnjected 
controls As previously mdicatcd the animals of 
the h>'pertomc sodium group show serum calaum 
concentrations which arc all below 9 mg per 100 
mL while the others are all greater than this level 
On the other band the serum phosphorus concen 
trabons show considerable overlapping indicating 
it IS not the causative factor for the differences 
noted In calaum 

Unne examination showed no quantitative dif 
ferences m caldum excretion betv. een hypocatcemic 
ammals and control animals m those experiments 
where the expenmental design resulted in simi 
lar unnarj volume for the periods studied. Stools 
were scanty m all groups Fecal calaum analj ses 
m a few control and bypocalceraic rats revealed no 
differences 

orscussroK 

This senes of experiments suggests that an in 
crease in body sodium in the rat will produce a 
temporary hj’pocalccrma provided there is a con- 
comitant body potassium defiaenej , neither an 
excess of sodium nor a defiaency of potassium 
occurring mdependenllj produced this effect. In 
these experiments the hypocalccmic effect Nvas 
seen only when the Na/K ratio of the total bod\ 
was 1 0 or greater The predisposing effect of 
potassium defiaency m the dc\cIopmcnt of hypo- 
calcemia in rats following sodium loading has i 
possible cotmlerpart in infants with hj-pematrcmic 
dehydration. Rapoport Dodd Clark and S^llm 
(1) described infants m the reco%’cr\ phase of 
diarrheal disease who were h\’pocalccmic and h\ 
poknienuc. A number of the infants with h}*pcr 
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the h\-pertonic Na group and the other three and all 
of the calaum \-alues are less than 9 mg per 100 ml 
m the group of expenmental ammals injected wath 
h)-pertomc sodium solution Total serum protein 
concentrations showed no differences among the 
\'anous groups , the oi erall range w-as from 5 74 
to 7J8 gm per 100 ml wath an average of 6 49 
gm per 100 ml These \'alues did not differ sig- 
mficantlj from unthirsted rats 

Thirsted but unmjected animals lost weight in 
the order of magnitude of 10 per cent of their im- 
tial weight and had ^ery scanty (usually less than 
1 5 ml ) unne output The animals injected with 
h}-pertonic solutions showed shght but \’anable 
weight loss at 24 hours (1 0 to 6 0 per cent of mi- 
tial w eight) and put out unne ^ olumes from 3 7 
to 9 0 ml in the first 24 hvs When the expen- 
ments were earned to 48 hours the weight losses 
in the injected group approached those of the 
thirsted controls though the second 24-hour unne 
output diminished sharply m amount The serum 
urea N concentration rose in all thirsted animals 
to about 40 mg per 100 ml and this concentration 
was roughlj proportional to the length of the 
thirst No intergroup differences were noted 
Osmolant} determinations earned out on the sera 
paralleled the sodium concentration in these ex- 
penments and appear to add nothing to the data 
tabulated herein Unne osmolarity determinations 
re\ ealed the remarkable ability of tlie rat kidney to 
excrete a concentrated unne up to -ralues to 3000 
mOsm per L Among the animals injected with 
hj-pertonic solutions no inter-group differences m 


osmolant}’ w ere noted including the potassium de- 
fiaent animals 

The extracellular sodium concentration in the 
expenmental group was sometimes only slightly 
increased above control ^’alues The carcass analy- 
ses however make it apparent that total body Na 
IS consistently increased in these animals whereas 
in some control animals w’hich have slight hyper- 
natremia but without increased Na content, no hy- 
pocalcemia occurred The mean carcass sodium 
m the expenmental animals is 26 6 mEq per 100 
gm f f s in contrast to a mean of 21 4 mEq per 
100 gm f f s in the controls The chlonde space 
calculations showed no significant differences be- 
tween hypocalcemic animals and controls A 
third observation from the carcass data indicated 
a considerable potassium defiat in the sodium 
loaded hypocalcemic animals The first tw’o hnes 
of Table III summarize these data Control and 
expenmental values for K/N ratios are given to 
indicate the extent of the potassium defiats The 
data suggest that the relative quantities of total 
body sodium and potassium might be important m 
determimng the observed hypocalcemia The 
Na/K ratio which expresses this relationship 
increased from 0 81 in the controls to 1 13 in the 
expenmental animals This nse is the result of 
combined increase of sodium and decrease of 
potassium 

To test whether potassium defiaency alone 
might account for the hypocalcemia, rats were 
made potassium defiaent by feeding a virtually 
potassium free diet for 21 days This diet which 


TABLE III 


Comparison of mean serum and carcass analyses on controls, hyperionic Na loads, Na + K loads, 
K deficiency, and K deficiency plus hypertonic Na loads 


Anlraali 
(\o ) 

Senjm Ca 
{mf /lOO ml ) 

ECFNa 
(mEfl /Z.) 

Chloride eince 
{mUlOO im J4 j ) 

K/N 

(m£j /tm ) 

Na/K 

{mEq /mEq ) 

Controls (16) 

103 ±021 

147 ± 1 0 

116 ±3 

2 22 ± 0 05 

0 81 ± 0 05’ 

Na load — 

300 mEq /L 

100 ml /Kg 
(11) 

80 ±0 17 

169 ± 2 5 

117 ± 3 8 

1 69 ± 0 04 

1 13 ± 0 03 

Na + K loaded 

C) 

100 ±0 25 

160 ± I 1 

120 ±34 

2 38 ± 0 04 

0 86 ± 0 02 

K defiaent (6) 

10 0 ± 0 06 

147 ± 1 4 

120± 3 1 

1 75 ± 0 04 

0 86 ± 0 03 

K defiaent plus 

Na load (S) 

7 6 ± 0 12 

172 ± 1 9 

116 ±3 3 

143 ±0 05 

1 43 ± 0 05 
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was also low m magnesium content contamed 170 
mEq of sodium per Kg The animals were 
thirsted for 24 hours and half the group were 
injected with the hypertonic Na solution The 
last two sections of Table III compare these two 
groups of animals. The umnjected potassium de- 
fiaent ammals were not hypocalcemic, though the 
chlonde spaces were on the average shghtl) 
greater than m the mjected animals The ratios 
of K/N showed the eecpected decrease The Na/K 
ratios were only slightly increased over control 
animals fed the standard diet (Tables I and III) 
which may be due to the low magnesium content 
and the relatively low sodium content of the po- 
tassnim defiaent diet Gitlove Holhday 
Schwarts and Wallace (6) found that when rats 
were fed a diet defiaent m magnesium intracel- 
lular potassium defiat was not accompamed by an 
mcreased intracellular sodium such as occurs on 
a low potassium, high sodium diet. When the 
intrapentoneal hypertomc Na solubons were given 
to the potassium defiaent animals hypematrenua 
and hypocalcemia occurred with concentrabons of 
alaum uniformly less than 9 mg per 100 mb 
there was a further strdang reduebon in K/N ra 
bo, and finally the Na/K rabo showed the ex- 
pected marked increase The experiment indi 
cated that potassium defiaency without sodium 
excess was not responsible for the observed hypo- 
calcemia. 

To test whether sodium e-xcess wrtliout potas 
Slum defiaency would result m hypocalcemia 
another experiraent was done in which potassium 
was added to the sodium loading soluboa Seven 
rats recavmg the stock diet were thirsted and m 
jeacd with the hypertomc Na -f K solubon The 
second and third hnes of Table III compare tlie 
results m these animals with those in which the 
hypertomc Na solubon was given The animals 
given added potassium were hypernatiemic but not 
hypocalcemic , there were no sigmficant differ 
cnees m the chlonde spaces between the two 
groups the animals recavmg Na -t- K had normal 
or increased K/N rabos and the Na/K ratio is 
nearly that of the conbtils despite an absolute in- 
crease in carcass sodium The average value for 
this sodium was 2S.S inEq per 100 gm fat free 
solids a dear cut mcreasc over the control value 
of 21 4 in Table I 


No pH detemunabons were done m these ex- 
periments however, CO, content detemunabons 
show-ed no differences between thirsted controls 
and the hypertomc Na loaded ammals Values 
ranged from 16 to 20 mEq per L. except in am- 
mals which had recaved the potassium free diet 
In the latter animals CO, levels ranged from 25 8 
to 31 4 mEq per L. again with no differences be- 
tween the hypertomc Na group and the controls " 

The influence of the serum phosphate concen 
trabon may be evaluated by the figure m which 
the concentrabon of scrum calaura is plotted 
against the serum phosphorus level for these 
groups of animals hypertomc Na loaded, hyper- 
tonic Na + K loaded and thirsbng umnjected 
controls As previously mdicated the ammals of 
the hypertomc sodium group show serum calaum 
concentrabons which are all below 9 rog per 100 
ml while the others are all greater than this la-el 
On the other hand the serum phosphorus coucov 
trabons show considerable overtopping mdicabng 
it IB not the causabve factor for the differences 
noted m calaum 

Urine txammabon showed no quanbtative dif 
ferences m calaum excrebon behveen hypocalcemic 
ammals and control animals m those experiments 
where the experimental design resulted m sum 
hr urinary v olume for the periods studied. Stools 
were scanty m all groups Fecal calaum analy ses 
m a few control and hypocalcemic rats ra ealed no 
differences 

DISCOESIOK 

This senes of experiments suggests that an in- 
crease m body sodium m the rat will produce a 
temfiorary hypocalcemia provided tliere Is a con 
coraitant body potassium dcfideniy nather an 
excess of sodium nor a deficiency of potassium 
occumng independently produced this effect In 
these experiments the hypocalcemic effect was 
seen only w hen the Na/K rabo of the total body 
was 1 0 or greater The predisposing effect of 
potassium defiaency m the development of hypo- 
calcemia in rats following sodium loading has a 
possible counterpart in Infants with hypernatreralc 
dehydrabon I^poport Dodd dark and Sylhn 
(1) described infants m the recovery phase of 
diarrheal disease who were hypocalcemic and hy 
pokalcimc. A numbo- of the infants with bjper- 
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Figure 1 


natreraic dehydration studied by Weil and Wal- 
lace (7) as i\ ell as some of those studied in this 
clinic (3) had hj^pokalemia even dunng periods 
of marked urea nitrogen retention 
The infant with hypematremic dehydration does 
not necessanly liave hypocalcemia (3) While 
most such infants probably often have a reduced 
body sodium content it is possible that some may 
actually ha\ e sodium contents in excess of normal 
because of previous excessive dietary or thera- 
peutic intake At present it would be merely 
speculative to implicate an absolute sodium excess 
in such infants, or to say that these are the ones 
who become hy’pocalcemic Some of the patients 
have become hypocalcemic after the adiramstra- 
tion of large amounts of sodium salts Depletion 
of potassium which vv-as found to be a necessary 
condition in the expenmental animal for the oc- 
currence of hypocalcemia seems a probable part 
of the usual picture of hypematremic dehy dration 
in the infant (1, 3, 7) The mechamsm whereby 
the potassium acts is not clear 

The concentration of calcium in the extracellu- 
lar fluid is determined by a number of influences 
In this study there appears to be no concern vvrth 
the portion of calaum bound by serum protein 
since no differences m protein occurred among 
the vanous groups of animals Changes in in- 
testinal absorption seem unlikely to be significant 
since little or no food was ingested by the rats 
once the thirsting period began Excretion of 


calaum in the unne show ed no differences between 
the hypocalcemic animals and the others Thus 
rapid calaum excretion also seems unhkely to be 
a factor in this study 

The data suggest that the effect demonstrated 
by this study results from an alteration m the 
equihbnum point of the balance between extra- 
cellular calaum and the skeletal calaum The 
steady state between dissolved calaum and cal- 
aum of bone salt probably involves cellular ac- 
tivity of skeletal tissue as well as a physico-chemi- 
cal equihbnum between solution and solid phases 
Parathyroid hormone and vitamin D probably in- 
fluence the cellular activity involved, but the pres- 
ent data are not adequate to show whether the ef- 
fect might be mediated through a disturbance in 
those systems Sodium is considered to accumu- 
late on the surfaces of bone crystals and this so- 
dium IS known to act as a sort of flexible sodium 
reservoir under conditions of physiologic disturb- 
ances of electrolyte equihbnum (8, 9) Sudden 
increases in sodium content of bone surface may 
well play an interfering role in the maintenance of 
calaum homeostasis No data beanng on this 
point are contained in the present study More- 
over the “protecbve” role of the potassium would 
be difficult to explain since the sodium content of 
the Na + K loaded animals is as high as those 
loaded vvath hypertonic Na Additional experi- 
ments are needed to further elucidate the mecha- 
nisms involved 
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SUMUAEY AND CONCLUSIONS 

Thirstiiig rats injected with hypertonic sodium 
solution become Ig'pocalcemic concomitant with 
a nsc in total body sodium and a fall m body po- 
tassium Neither extracellular dilution nor phos- 
phate retention were important factors in produc 
ingf this effect. Sodium excess alone or potassium 
defiaency alone does not result m the hypocal 
cemia. The total body sodium was equal to or 
greater than the total body potassium (measared 
m milhcqmvalcnts) m the animals which dcvcl 
oped hypocalcemia. It is suggested that the hypo- 
calcemia results from an alteration m equiUbnum 
between extracellular and skeletal calaum 
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Considerable attenbon has recently been fo- 
cused on the mechanical factors m respirabon of 
normal adults and of those wnth respiratory ab- 
normahUes This report presents obsen'abons on 
the mechanics of respirabon m 23 normal newborn 
infants and 2 infants cnbcally ill with neonatal 
respirator} distress The data are denved from 
simultaneous measurements of bdal \olume and 
mtraesophageal pressure changes 

MATERIAL AND METHODS 

The infants, all of whom were bom at the Boston 
Ljnng-in Hospital, w cighed from 2 4 to 3 8 Kg at birth 
and were from 1 hour to 7 dajs old at the time of study 
History, physical examination and, m most cases, chest 
x rays were used to determine presence or absence of 
respiratory distress On the basis of obseiwation and 
pretnously established entena (1), 18 of the normal 
mfants were considered to hate been studied during 
periods of quiet, resting respiration. In all, 47 studies 
were made on 28' newborn infants rangmg from the 18 
mfants breathing quietly to those who were sick or 
disturbed b> the procedure. The respiratory rates -caned 
from 24 to 136 per minute. 

The two infants studied when cnbcallj ill and dunng 
rccoseiy were diagnosed as having the neonatal respira- 
ton distress syndrome. This sjmdrome, which is also 
called the h)alme membrane syndrome or resorption 
atelectasis is charactenzed by a history of premature 
birth, cesarean section fetal distress or maternal dia- 

^ One of a senes of studies supported by a research 
grant from the Association for the Aid of Cnppled 
Children Lew York Qty 

' Pubhc Health Service Research Fellow of the Na- 
tional Heart Institute. 

' Traveling Fellow of the R. Samuel McLaughlin 
Foundation, Canada. 

•* Traveling Fellow of the Bntish Post Graduate Medi- 
cal Fellow 'hip 

'Although tbe data are not included m Table I, de- 
tenrinations of work of respiration of one newborn wath 
congemtal beart disease and two wrth borderhne respira- 
toiy distress are mduded in Figures 7 and 8 for com- 
panson of the three methods used to calculate pulmonary 
work. 


betes and the clinical picture of increasing respiratory 
difficulty, cjanosis, and frequently tj-pical x-raj findings 
( 2 ) 

The infants were placed m a 65-liter body plethysmo- 
graph (Figure 1) wnth thar faces emerging through 
a pneumatic cuff Pressure changes ivithin the plethysmo- 
graph for an ascrage respiration were approximately 
OJ cm H O and were measured by an electrical manom- 
eter (3) With a calibrated syringe and pump, breath- 
ing was simulated and the pressure changes were cali- 
brated in terms of \olume. Although this calibration 
was performed after the infant was removed, the resulting 
error was less than 5 per cent and was therefore not 
taken into consideration in the calculation Intraesopha- 
geal pressure changes as indices of intrapleural pressure 
changes were measured wath a small water-filled poly- 
ethylene catheter (internal diameter 10 mm) passed 
10 to 1 1 cm through the nose or mouth into the esophagus 
and connected to a second manometer ® calibrated in cm 
H O When inserted to this distance, the open catheter 
tip was shown by x-ray of two infants to be at the junc- 
tion of the middle and upper thirds of the esophagus 
Volume and pressure were recorded simultaneously on 
a direct-wnting osallograph.' 

Pulmonary comphance was e.xpressed as the ratio of 
tidal lolumc to the change in mtraesophageal pressure 
measured betw een points of no flow, i c , at the extremes 
of tidal \olume (Figure 2) Respiratory resistance was 
measured as the ratio of the total pressure change to the 
corresponding total flow change between points of equal 
volume approximately midway in inspiration and e.xpira- 
tion (Figure 3) This calculation of resistance has pro 
Tided a satisfactory approximation of the aserage flow- 
resistance of the lungs and air passages during the re- 
spiratory cycle in adults (4) The aserage compliances 
of the individual infants were calculated from 10 to 20 
representatis e respirations and average resistances from 
5 to 10 respirations (Table I) 

From the simultaneous recordings of pressure and 
solume, pressure-solume loops for the respiratory cycle 
were plotted and from 3 to 6 representatis e breaths a 
graphic solution of average i ork done on the lungs per 
breath was obtamed' (Figure 4) As indicated in the 

« An electromanometer and the Polynso made by San- 
born Company, Cambndge, Massachusetts, were used 

"As pomted out in the discussion, these measurements 
do not allow calculation of total ‘ work done on the lungs” 
but do alloi an apparently adequate approximation 
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Fjg. L Diacxam or Apparato* Uso tot IUstiratoty StOTtis 
^^^th the ftopcock to the spirometer dosedr the eppirRhii wu used u a 
pressure plethysmoffraph. With the stopcock open to the spirometer minute 
volume was recorded with a photoelectric integrator (I) 


diagram tins method o£ measurine work allows separation 
of polmooarj v.ork into elastic and flow resistive com 
ponenta. For purposes of comparison, pu liu cnary work 
for the same rcspuations was also estmnted, usiog two 
formulae 

1 A wnplifled fonnuk was suggested by one of the 
uithota (hi B McI ) as a poshly adequate ap- 
proDomatjon of work done on the lungs dunng inapira 
tkm and expiradoo. 

Work (in gm cm* per mim) - 0 6 PV 

where P -• total pressure change in cm H*0 during 
the respiratory cycle. 

V • minute voUnne m ml 








Fig. 2 Ifrmoo or Calcucattho PutMCWAay 
COMPUANCK 

As shown m this duLgrammabc represen taboo of smiol 
**fleous pressure and Tolame recordings, compliance 
(C) Is expressed as the ratio of tidal volume (Vt) to 
the change In mtiaesophageal pressure (P ») measured 
between polnU of no flow ij* at the extremes of bdal 
Tolnme. 


This fonnuk Is based on the fact that, if the Intnt 
esophageal pressure Is r ep res ent ed by u tine wa\'e 
purely elasbc work would be repre se nted bj the 
fonnula 0.5 PV (the area of a trlansle) purely 
viscous work by the formula 0 7& Pt' (the area of an 
ellipse) and the fact that approxunatelv 70 per cent 
of pulmonary work in normal adult resphutlon Is 
dastlc (5) • 



,_J!s 

V(lnsp.)*V{tip.) 


H 


o 


to IK. 


Fra. 3 Mrrncffl or CAtanjvTtxo Flow RasisTAnct 
Respiratory resistance (R) It measured as the rabo of 
total p res su re change (Pn) to the correspondJog total 
flow change CVtM» + Vo) between points of c<tial 
volomc (pomts a and b) Total flow change betv . ‘ce u 
points a and b was obtained by mcasunng the slopes 
(lines I and If) of the vohmie curve at these points. 


* The express ion 0 6 FV should not be confused with the 
expression 0 7 PmaxV used by Mclfroy and EJdridge (<S) 
to obtain on approxiroatKin to the work of Inspiration 
In that case Pmax was the maximum pressure difTerence 
dunng msptrabon In the exprewion 0 6 PV used in thl* 
paper P is the total Intrathoractc pressure swing 
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Smce in acwnc mfantg the introduction of the hrtrt 
eeopfaxgoU catheter wu foUorred by an moeaje In retpm 
tocy rate the minute volume rate and tidal volume were 
obtained m most case* before or after the catheter iraj In 
pla ce , utiUxlag a pcevioualy described technique for record 
ing rate and minute volume (1) (see Figure 1) The 
resting rate and tidal \’oltune uiere uaed In the umplified 
Otii formula for calculating the pulmonary work of the Ifi 
quiet infants. Since these 18 Infanta bad when breathing 
quietly an average respiratory rate of 38 per minute and 
an average minute volume of S70 mL compared to 33 and 
550 observed In another group of resbng infants of com 
parable size (1), It was assumed that the a\‘cntge calcu 
fated pulmonary work per minute of these 18 in/anti ap- 
proximated that of newborn infants In this weight range. 

RESULTS 

The results of the individual studies on normal 
infants are presented m Table I The 23 normal 
infants averaged 3 Kg in weight The average 
tidal volume of the qmet infants was 16 raL (range 
9 to 25) Peak flow rates for individual infants 
averaged 61 ml per sec, (range 44 to 111 mi per 
sec.) during quiet respiration. The arerage com 
pUance from 38 studies on the 23 norraal infants 
was 4S ml per cm H,0 and for the 18 resting m 
fants was essentially the same (S2 ml per cm 
H,0) Although there was considerable van 
abihty m both compliance and resistance deternu 
nations from breath to breath due to llie cardiac 
component of the pressure recording the stand 
ard error of the mean of a senes of 10 compliances 
was only ± 0 4 ml per cm HjO The mean re- 
sistance was 29 cm. HjO per L, per sec. (stand 
ard error of the mean of a senes of 10 = ± 4 cm 
HjO per L per sec.) for these 18 infants and the 
calculated average work done on the lungs n“as 
1380 gm era per ram In spite of occasional dis 
crcpancjcs the proportion of work done against 


nl 



VoLUiii RtsnoATOtY Loop 


EhilJC work « rtproented by arta of triangle ABC 
Inspiratory and cxirfratory flem rtiirtiTC n'ork are repre- 
iented by areas I and JI rerpcctivtly Assaraing that 
tsqrfratior is passivt, total pulmocary vrorl is r ep re se nted 
by the sum of the elastic work (tnangle ABC) plus the 
faspiratory flow roisure work (area I) 

ebsue forces estunated from the pressure volume 
diagram and from the Obs formula showed on the 
average a dose corrclabon bang 71 and 70 per 
cent respccti\cly As ^-as expected pulmonarj 
work i\*as greater m the restless infants pnmanly 
because of increases m respiratory rates In the 
present study no significant relation between 
waght or age and compliance or resistance could 
be demonstrated presumably because of the reb 
meJy small number of infants studied md the nar- 
row weight and nge range. 

Data from scnal obscnntions on two infants 
seicrcl) ill t\*ith neonatal respiratory distress are 


TAtUX II 


Data em tJu rrucMonta efraf»mnin »« tvo infants tcUk ntonaial mpiralory distress 


No. 

Birth 

irt. 

(Kt 1 

A«« 

lEP* 

CotnplioBtt 
(mljfm /JtO} 

(cm. JUJ/LJttt.) 

IVwk 

vn 

bwlbt 
(sm. m.) 

Wfrtpw 
R^trt 
U*- r»t.) 

P«r 

ceml 

daiUc 

workt 

OBOtnm* 

>Ic*a 

lUncr 

Mc«a 

Rjoce 

p-to 

30 

2 d 

I6hS 

U 

IJ-IJ 

25 

22-29 

144 

7900 

89 

Sei-CTtI) m 

T-AQ 


6d 

4 3 

2.5 

1.5^6 

13 

5-23 

25 

1 430 

SO 

Recovtrlmr 

P50 

32 

5 hr 


0 7 

06-08 

41 

0-1047 

107 

5 130 

71 

Severrl) ill 

P.50 


2d 

20.S 

10 

0 8-1-3 

13 

0-277 

176 

/ 400 

81 

Severely ill 

P50 


10 d 

77 

2.5 

2J-30 

39 

18-65 

64 

3160 

73 

RecovOTfig 


* lEP l5 the a^-cnige of difference* between maximal and mtmmal prctoare* oc cum og wilh each respiratory c>**dc 
t Pulmonary work per breath and per minute and per cent elastic aTwi: were Mtmuted directlj from the craphlc 
pre*rore-\-DJanw loop* for the^ two tick infant*. 

t Reslrtance calcnlatcd onij on iiapimtion becau*e of grunting expiration 
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TABLE I 


Dale from siudtes or the mech^nta of respiralton in 23 normal nnchom infants 


No 

Birth 

wt. 

Kt 

Act 

Rop 
rate 
/yr r-ir 

Tidal 

\*oL 

mZ. 

AlEP* 
cm BxO 

Com 

pllanco Resistance 
mean mean 

rtl /cm cm RtO/ 
HiO L./UC. 

Worlw 

per 

breatht 
cm cm 

Work per 
mlnutct 
enu cm 

Elastic 

^v-orkt 

Coramenti 

P-30 

37 

6d 

39 

29 

12 6 

38 

79 

217 

8,460 

51 

Restless 

P-31 

31 

3d 

44 

16 

29 

91 

13 

20 

885 

70 

Quietl 

P-32 

28 

9 hr 

41 

13 

44 

34 

28 

33 

1,350 

76 

Quieti 

P-33 

3 1 

11 hr 

42 

15 

54 

43 

24 

36 

1,490 

74 

QuietJ 

P-33 


6d 

38 

19 

83 

32 

49 

84 

3,190 

67 

Restless 

P-34 

24 

15 hr 

54 

13 

61 

26 

S3 

S3 

2,860 

62 

Quiet — not basal 

P-34 


38 hr 

4 4 

11 

6 1 

44 

43 

30 

2,310 

46 

Restless 

P-34 


7 d 

40 

24 

12 4 

40 

70 

139 

5,560 

52 

Restless 

P-35 

3 8 

8 hr 

70 

14 

50 

34 

25 

43 

3,010 

67 

Quiet — not basal 

P-38 

24 

10 hr 

51 

9 

54 

46 

45 

17 

840 

53 

QuietJ 

P-39 

34 

Sd 

51 

IS 

84 

4 1 

50 

51 

2,600 

54 

Restless 

P-41 

30 

2d 

40 

15 

54 

58 

40 

34 

1,360 

57 

Quietl 

P-42 

35 

3d 

31 

21 

45 

7 1 

42 

55 

1,700 

57 

Quietl 

P-43 

36 

2 hr 

28 

20 

10 4 

38 

131 

113 

3,160 

47 


P-43 


4 hr 

48 

15 

4 1 

51 

18 

30 

1,445 

73 

Quietl 

P-44 

27 

12 hr 

38 

14 

55 

39 

45 

39 

1,480 

65 

QuietJ 

P-45 

29 

16 hr 

24 

25 

53 

93 

43 

60 

1,440 

56 


P-47 

25 

4 hr 

35 

11 

33 

40 

24 

19 

675 

78 


P-47 


22 hr 

136 

10 

3J. 

32 

25 

30 

4,080 

52 

Restless 

P-48 

28 

3 hr 

42 

16 

56 

37 

21 

44 

1 850 

79 

Quiet — not basal 

P-48 


22 hr 

37 

18 

29 

86 

7 

22 

810 

85 

QuietJ 

P-49 

30 

2 d 

41 

18 

45 

74 

17 

31 

1,270 

71 

Restless 

P-51 

33 

1 hr 

44 

13 

77 

22 

7 

60 

2,635 

64 

QuietJ 

P-51 


23 hr 

66 

12 

53 

37 

24 

29 

1,910 

67 

Restless 

P-53 

35 

8 hr 

57 

14 

40 

54 

13 

24 

1,370 

75 

Restless 

P-S3 


2d 

49 

12 

52 

25 

36 

39 

1,925 

73 

QuietJ 

P-S3 


3d 

98 

28 

59 

68 

22 

126 

12,100 

46 

Very restless 

P-S3 


6d 

S3 

IS 

46 

46 

32 

40 

2,120 

61 

Restless 

P-S4 

3 1 

21 hr 

29 

21 

39 

79 

13 

35 

1,020 

80 

Quiet 

P-54 


2d 

25 

19 

52 

69 

21 

34 

850 

77 

Quiett 

P-S4 


6d 

27 

24 

55 

7 1 

37 

64 

1,700 

63 

Quiet 

P-55 

35 

2 d 

64 

13 

67 

59 

75 

48 

3,070 

30 

Restless 

P-55 


3d 

35 

19 

53 

49 

35 

55 

1,925 

67 

Quictt 

P-56 

29 

6 hr 

30 

16 

70 

34 

19 

44 

1,310 

86 

QuietJ 

P-56 


30 hr 

37 

IS 

98 

33 

80 

62 

2,300 

55 

Restless 

P 56 


3d 

51 

IS 

55 

3 1 

41 

56 

2,840 

65 

Quiet — not basal 

P-57 

3 1 

13 hr 

31 

18 

58 

48 

39 

50 

1,545 

68 

Quietl 

P-60 

28 

6d 

31 

IS 

54 

39 

33 

38 

1,190 

75 

QuietJ 

A VC all 

3 1 
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obs 












Ave 18 

30 


38 

16 

50 

52 

29 

38 

1,380 

70 


quiet 






(SE 

(SE 





infants 






±0 4)5 

±4)5 






* AlEP IS the aserage of difTcrenccs between maxiinal and minimal pressures occurring wth each respiratory cycle 
dunnp periods of quiet breathing 

f Worh per breath and TCr minute and p>er cent of work against elastic forces has e been calculated from the simplified 
formula of Ous, Fenn, and Kahn (7) 

t These 18 studies on 18 different infants were used for obtaining a\erage s’alues for quiet ruination 
5 S E standard error of the mean of a senes of 10 individual compliances or resistances The standard deviation 
of a single determination was ±1^8 m! per cm HiO for compliance and ±11 cm HiO per L per sec for resistance 
TTicsc large indmdual variations are apparently due to the artifact in pressure recording introduced by the cardiac impulse 

2 \\ ork was al<o calculated by substituting the deter- i 1 

mined elastic and resistive factors and tidal volume where K.i - compliance compliance expressed 

and respiratorj rate in the formula of Otis, Fenn, and 33 jj,] per cm HjO 

Kahn (7) In doing this, it was necessarv to assume 

that the second order resistive factors were negligible. Vi = tidal volume in ml 

Thus the fo-mula actuall> used u-as , . . 

1 — breaths per mm 

M ork Cm gm cm per mm ) 

= ifK,i(\'T)* iErT^PCVi)’, K, - resistance m cm per ml per mm 
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Shag In Knne infant* the introduction of the Intra 
etophageal catheter was followed by an mcrea*® in respira 
tory rate, the minute volume rate and tidal volume were 
obtained In most cases before or after the catheter was In 
place, utfUxmg a previously described technique for record 
inj rate and minute volume (1) (see Figure 1) The 
resting rate and tidal volume were used m the simplified 
Otis formula for calcuiatiog the pulmonary work of the 18 
qiDct infants Since these 18 infanta had when breathing 
quietly an average respiratory rate of 38 per minute and 
an average minute volume of 570 ml compared to 33 and 
5S0 observed in another group of resting infanta of com 
parable alne It waa assumed that tiie overage calcu 
Uted pulmonary work per minute of these 18 infants ap> 
prox lim ted that of newborn Infants in this weight range. 

RfiSULTS 

The results of the individual studies on normal 
infants arc presented in Table I The 23 normal 
infcints averaged 3 Kg m wwght The average 
tidal volume of the quiet infants was 16 mb (range 
9 to 25) Peak flow rates for individual infants 
averaged 61 mL per sec. (range 44 to III ml per 
sec,) during quiet respiraboru The average com- 
pliance from 38 studies on the 23 normal infants 
was 4S ml per cm H*0 and for the 18 resting in- 
fants was essentially the same (55 toL per cm 
H,0) Although there was considerable van 
ahihty m both compliance and resistance detentu 
nations from breath to breath due to the cardiac 
component of the pressvire recording the stand 
ard error of the mean of a senes of 10 compliances 
^vas only 0 4 ml per cm H,0 The mean re- 
sistance ivas 29 cm. H,0 per L. per sec (stand 
ard error of the mean of a senes of 10 = — 4 cm 
HjO per L. per sec.) for these 18 infants and the 
calculated average work done on the lungs was 
1380 gm cm per rain. In spite of occasional dis 
crepanaes, the proportion of work done against 


ml 



FlO, 4 DUGSAU>tATtC AVnukCE KOftUAL PwSSUlCE 
VoLOME RarntATOtr Loop 
EUitic wotL t* rr^raicntcd by area, of tnanglc ABC 
Inspiratory and erpinitory flow resUtivt work are repre- 
sented by areas 1 and U, respcctirely Assuminff that 
expiratiOD i* passive, total pulmonary work is represented 
by the tom of the clastic work (tmnyle ABC) pins the 
lospuratory flow resisUve work (area I) 

elastic forces estimated from the pressure volume 
diagram and from the Otis formula showed on the 
average a close correlation, being 71 and 70 per 
cent, respectively As was expected pttimonaiy 
work was greater m the restless infants pnmanly 
because of mcrcases m respiratory rates In the 
present study no significant relation between 
weight or age and compliance or resistance could 
be demonstrated presumably because of the rela- 
tively small number of infants studied and the nar 
row weight and age range. 

Data from serial obscfN^ations on two infants 
severely lU ivith neonatal respiratory distress are 


P-40 
PAQ 
P 50 
P50 
P50 


3.0 


TABIC ll 

DalamHc vuchanKS e! raptr^Ktm i, to. ..tfoniJ Kith W rapzmtprj Harm 


Ate 


lEP* 
{«» HiO) 


BiO) (m, 

AI«ui rUttttt Ke»a Rent* 


Work 

pet Work pet 
biwUrt mfawrtet 

(im r*0 Ct" 


Re- 

cent 

wortt Coouneot* 


2d 
6d 
5 hr 
2d 
10 d 


16,3 

20,0 

208 

7T 


U 

07 
1 0 
2.5 


18^6 
0 6 - 0.8 
0 8-1.3 
2J2-3 0 


25 

13 

41 

13 

39 


22-29 

S-23 

0-I04t 

0-27t 

18-65 


144 

25 

107 

176 

64 


7900 
1 4J0 
5 130 
7 400 
3 160 


69 

80 

71 

M 

73 


Several) HI 
Rcctn-crinv 
Severely ill 
Sc%'crdy 111 
Recovenaje 


• IBP i* tbe a\-eniee of dlfTerencw between matimal and romlmal prc»«re» occumng *nth eatA respirntory 
t Pulmonary work per breath and per rmnute and per cent eXoatic work were estimated dlrecUy from the craphic 
prtiwirjyvtilunie loops for these tPro rick Infant*. 

t Retatflfice calculated only on mspinitioti bcQiu*e of grunting cacpualion 
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result of the decreased comphance is the inability 
of these infants to achie\ e more than approNiinately 
half of normal "crjang \atal capaaty” (20, 21) 
The demonstration of a marked increase in the 
i\ork of respiration m neonatal respiratory distress 
supports the climcal impression that these m- 
fants frequently die of exhaustion and indicates 
that, unbl this condition can be pre^’ented or 
speoficallj treated, therapy should, at least m part, 
be directlj toivard support of respiratory efforts 

SUMMAR\ 

In summary, 43 obsen-ations on the mechanics 
of respiration in 23 normal newborn infants and 2 
infants mth respiratorj'' distress ha\e been re- 
ported The resistance for an ai'erage 3-Kg in- 
fant breathing quietly uas found to be 29 cm 
H.O per L per sec. and the aierage comphance 
5.2 ml per cm H,0 The resting pulmonarj' 
work for such an infant was approximately 1,400 
gm cm per minute or 1 per cent of basal metabo- 
lism In addition, it was shown that three meth- 
ods of calculating pulmonarj' work correlated 
well Finally, it was demonstrated that infants 
wath neonatal respiratorj distress have a marked 
decrease in comphance, and a striking increase in 
the work of respirabon 
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Xonml sen are rcioKed in the ultmcentnfuge 
into two nnjor peiks with sedimentation constants 
of the order of 4 5 and 6 5 S ■ and a minor peak of 
hca\ \ materials amounting to less than 3 per cent 
of the total proteins with a sedimentation con- 
•^tant of about 20 S 

In 1944 \\ aldenstrom (1) reported the pres- 
ence of a large amount of fast sedimenting moieties 
(19 to 20 S) m sera of some patients with marked 
In-perglobulinemia This finding prompted him 
to assume that these serum components were of 
high molecular weight and he named them macro- 
globulins He also reported that these serum 
components could be precipitated out on dilution 
of the serum witli 10 ^olumes of distilled water 

In recent jears a number of workers have re- 
ported the presence of components in pathological 
sera with properties similar to those assigned b\ 
Waldenstrom to macroglobulins (2-10) How- 
c\er in a number of cases the macroglobulins de- 
tected b\ the precipitation test with distilled water 
liad scclinientation constants as low as 12 S and 
as high as 30 S On the basis of electrophoretic 
mobilities macroglobulins hate been reported to 
occur cither in the or /-globulin regions (2, 3, 
5 6 S-11 ) 

Voglcr Oberhansli and Kofler (12) found that 
the diffusion coefficient for some macroglobulins 
was 1 2 y 10 ■ cm- per sec in contrast to the ac- 
cepted \-alue for normal /-globulins of about 3 8 X 
10 an- per sec This finding was considered 

I Surported b^ a grant from the Department of Na- 
tional Health and \\ clfare. Canada. \\ e arc also in- 
debted to Charles E Frosst Co , F W Horner Co 
■'loatrcal and Eh LiIK Co, Indianapolis tor assistance. 
Presented in part at the mectms of the Federation of 
•\mencan Soactics for Experimental Biologv in Atlantic 
Gtr N J., Apnl 1056 

- S rciers to Stedberg units 


further etidence for the high molecular weight of 
macroglobulins 

In 1952, Dcmen (II) showed that macroglobu- 
lins from different pathological sera which pos- 
sessed similar electrophoretic and ultracentrifugal 
characteristics netcrtheless could be differentiated 
b\ their sohibihtt properties In addition he 
showed that macroglobulins apparenth homo- 
geneous b\ electrophoresis, were markedU heter- 
ogeneous on the basis of solubility properties 

Rccenth a number of authors hate reported 
immunologic studies on macroglobulins Habich 
(3) concluded that the macroglobulins in some 
sera did not possess am distinct antigenic groups 
with respect to normal sera On the other hand, 
the macroglobulins of other sera exhibited specific 
antigeniatt On the basis of immunologic tests 
wath these latter sera, he suggested that some 
macroglobulins contained group-specific as well 
as inditiduall) specific antigens Grumer and 
Klaus (7), using rabbit antiserum to macroglobu- 
hn, reported that the macroglobulin serum con- 
tained specific antigens not found m normal human 
serum Di Guglielino and Antoninix (2) investi- 
gated the immunologic properties of macroglobu- 
hns using the anaplnlaxis reaction as the criterion 
for identit\ of antigens and suggested that macro- 
globulins possessed indnidiially specific antigenic 
groups not found m normal human serum 

Tile ammo-acid composition of the macroglobu- 
lins has recentl} been imestigatcd (5-7) The 
/3- and -/-macroglobulins appeared to differ only 
sIightK in their ammo-acid content from normal 
P- and '/-globulins 

Dunng the past two jears, we ha\e investigated 
the sera from four patients with macroglobu- 
hnemia Their case histones ha\e been reported 
elsewhere (13) The pha sico-chemical and im- 
munologic results are reported here 
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ilETHODS 

Isolation of tilacroglobiiUns 

Each of the sera was dilated 16-fold \nth distilled wa 
ter The macroglobulma * 'Rbich precipitated out were 
centrifuged and the precipitates were washed 3 times 
v,ath cold distilled u*ater The preapitatei were then 
dissolved in saline (05 per cent haQ) In attempts at 
further punfication, the macroglobulms of tT\o sera were 
repreopitated twice from the saline sohibcn by addition 
of distilled ^^•ater In Me\v of the close similarity of tlie 
nltracentrifugal and electrophoretic patterns after the 
first and third preapitations the macroglobaUns of the 
other two sera were preapitated only once, thus limiting 
the inherent losses associated \nth successive repreapita 
hons. The macroglobalins m talme solution were Seitz 
filtered Into sterile ^^als and stored at 4 C After pre- 
apitahon of the macroglobulms, the supernatants wxre 
concentrated to the original v-olumes of the sera by per 
vaporation m Visklng tnWng under stenle conditions. 
The whole sera, the preapitated macroglobulms and the 
supernatants were compared by electrophoresis nltra 
centrifugation and immunologic methods, 

nicctropliortsii 

1) Pree cUclrophorfsts AU samples were examined 
in a Spinco model H TiselKis apparatus at 0.8 C using 
veronal buffer at pH 8.6 and ionic strength 0 1 The solu 
tions were diaJyied through Visking tubing agaiust the 
buffer for a penod of 24 to 36 hours prior to dectropho- 
retie analyses The protein coocentratlon of each sample 
was about 1 per cent as determined refractometncally 
(14) The macroglobulm fraction of one serum (A.B ) 
was analysed in acetate buffer at pH 3 65 and 4.8 phos 
phate buffer at 65 70 and 7 7 and veronal buffer at pH 
8.6. The ionic strength of all buffers was 0 1 

2) Paper electrophoresis All samples were iniesti 
gated by paper electrophoresis according to a procedure 
described prenouslj (15) Veronal buffer (pH 8.6 ionic 
strength 0 1) ^vas used in this study After electropho- 
resis the papers were stained for proteins and carbohy 
drates with Amido Hack lOB (16) and the penodic add 
Schiff reagent (17) respectivdy 

3) Starch electrophoresis One serum (A^ ) was 
separated into its clectrophoretically distinct components 
using starch electrophoresis The method Is fully de- 
scribed eimvhcre (18) The starch block was divided 
into segrnenU according to tlie protem distribution curve 
as shown in Figure 5 The scrum protem fractions were 
eluted from the starch block and examined In the ultra 
centrifuge and by paper electrophoresis 

At shown in Hgure 5 the *r -globulins were divided 
rato four sub fractions m an attempt to delimit more 
prcdsel> the locale of the macroglobulms. 

• In this paper the term macroglobulins refers to sc- 
rnm components predpilated by 16-fold dilution of patho- 
logical serum W'ith distilled water This treatment did 
not came predpitalion of the generally found fast sedi 
menting component of normal serum (S oi 20) 


Ullracentniugatiott 

The Spinco model E optical ultraccntnfugc was used 
to determine the sedimentation constants of the protons 
in different samples. The solutions were made up in or 
were diluted with saline. The average temperature dor 
ing centnfugation was 10 to 20 C and the rotor speed 
was 59 780 rpjo. The sedimentation constants were 
not recalculated for standard conditions. The effect of 
proton concentration on sedimentation constants was not 
investigated in view of the apparent complexity of the^ 
matcnals. 

Immunologic methods 

Albmo rabbits of both sexes (4 to 8 k-g body weight) 
were immunized with llic following antigens 1) tlic 
macroglobulm fraction of scrum AB (15 per cent m 
saline) referred to hereafter as M 2) undiluted pooled 
normal human serum referred to as NHS 3) Squibb 
gamma globulins* (35 per cent m saline) referred to is 
CG Gne-ml aliquots of each antigen solution were in 
jected mtravcnoml) mto two rabbits three times a week 
(on 3 successive days) for a period of four to fi\e weeks. 
The annuals were bled 6 to 9 days after the last injec 
tion. The andsera to each antigen were pooled Seitz 
filtered into sterile bottles and stored at 4 C The anti 
sera were tested for presence of antibody by ring test 

To determine the degree of antigemc smtiUnty betvveen 
M and GG the foUowiug expenment was carried out 
texpenment A) In a senes of IP tubes, J ml aliquots 
of the anbsenim to M dilated fourfold, were mixed with 
equal volumes of a solution of GG in halving dilutions 
The raa-xumira concentration of the GG solution used was 
9 per cent Incubation of the tubes for 2 hours at 37 C 
followed by incubation for 48 hours at 4 C resulted in 
the formation of nsible preapitates. The lubes were 
then centnfuged and aliquots of the lupernatanls were 
checked b) ring lest for excess antibody w^tli GG and 
for excess of antigen w^th anti M serum. The super 
natonti containmg excess antibodj were further ab- 
sorbed with GG imtil nng tests were negative with GG 
These btlcr supernatants were tiicn tested with a solu 
tion of if for the presence of ipeafic antibodj 

As a furlhcT test for the specific antlgcniaty of maertv- 
globuhns the following experiment was performed (ex 
penroent B) To a 3 mb aliquot of anti M serum, GG 
was added m suffidenlly high concentration to mVnbil anj 
preapltation (45 ml of 25 per cent solution) Iwtween 
GG and anti M serum. In a senex of 12 tubes 1 ml 
aliquots of this solution were Incubated with equal vol 
umes of M m halvmg dilutions in concentrations inry 
ing from 15 mg per ml to 8 7 per ml In a senes of 
contiol lubes GG was substituted for M In another ex 
periment the procedure wa> repeated using instead of 
GG a solution of concentrated serum proteins (20 per 
cent in salme) isolated from normal human serum by 
preapitation with amroomum sulphate at 66 per cent 
saturation. 

* Batch 88 Squibb Co obtained through the courtesy 
of the American National Red Croii, Vaduugton, D C, 
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Nornial sera are resohed in the ultracentnfuge 
into two major peaks with sedimentation constants 
of the order of 4 5 and 6 5 S * and a minor peak of 
heat} matcnals, amounting to less than 3 per cent 
ot the total proteins, with a sedimentation con- 
Hant of about 20 S 

In 1944 Waldenstrom (1) reported the pres- 
ence of a large amount of fast sedimenting moieties 
(19 to 20 S) m sera of some patients with marked 
hwperglobulincmia This finding prompted him 
to assume that these serum components were of 
high molecular w eight and he named them macro- 
globulins He also reported that these scrum 
components could be precipitated out on dilution 
of the scnim wadi 16 aolumes of distilled water 

In recent }ears a number of workers Ime re- 
ported the presence of components m pathological 
sera with properties similar to those assigned bj 
Waldenstrom to macroglobulins (2-10) How- 
e\er in a number of cases the macroglobulins de- 
tected b% the precipitation test with distilled water 
had sedimentation constants as low as 12 S and 
as high as 30 S On the basis of electrophoretic 
mobilities macroglobulins haae been reported to 
occur cither in the or /-globulin regions (2, 3, 
a 6 S-11) 

Voglcr Oberhansli and Kofler (12) found that 
the diffusion coefficient for some macroglobulins 
was IJZ X 10 cm- per sec in contrast to the ac- 
cepted nlue for normal /-globulins of about 3 S X 
10 ' cm- per sec This finding was considered 

1 Supported bi a pnmt from the Department of Na- 
tion A Health and Welfare, Canada. We are also in- 
debted o Charlc' E Fro'st Co F W Horner Co , 
Montreal and Eli LiIK Co , Indianapolis for assistance. 
Presented in part at the meeting of the Federation of 
•\trcncan Soaeties for E-\penmental Biology in Atlantic 
G c N L 4p-iU 1956 

■ S reters to Stedberg umts 


further ecidence for the lugh molecular weight of 
macroglobulins 

In 1952, Derrien (11) show ed tliat macroglobu- 
lins from different pathological sera which pos- 
sessed similar electrophoretic and ultracentnfugal 
characteristics neiertheless could be differentiated 
b\ their solubiliti properties In addition he 
showed that macroglobulins apparently homo- 
geneous b\ electrophoresis, were markedh heter- 
ogeneous on the basis of solubility properties 

Rccentl} a number of authors have reported 
immunologic studies on macroglobulins Habich 
(3) concluded that the macroglobulins m some 
sera did not possess am distinct antigenic groups 
with respect to normal sera On the other hand, 
the macroglobulins of other sera exhibited specific 
antigcniciU On the basis of immunologic tests 
with these latter sera he suggested that some 
macroglobulins contained group-specific as well 
as induidualh specific antigens Grumer and 
Klaus (7), using rabbit antiserum to macroglobu- 
Im, reported that the niacroglobulm serum con- 
tained specific antigens not found in normal human 
serum Di Guglielmo and Antoninix (2) imesti- 
gated the iniiminologic properties of macroglobu- 
lins using the anapln laxis reaction as the criterion 
for identiti of antigens and suggested that macro- 
globulins possessed induiduallv specific antigenic 
groups not found in normal human serum 

The ammo-acid composition of the macroglobu- 
lins has recently been imestigated (5-7) The 
j5- and -/-macroglobulins appeared to differ only 
slightl} in their ammo-acid content from normal 
/3- and y-globulms 

Dunng the past two years, we haae investigated 
the sera from four patients wath macroglobu- 
linemia Their case histones lia\c been reported 
elsewhere (13) The ph} sico-chemical and im- 
munologic results are reported here 
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METHODS 

Isolation of wacroglobuhns 

Each of the «era diluted 16-foId with dutUled wa 
ter The macroglobulms ® uduch preapitatcd out were 
centrifuged and the preapitates were washed 3 times 
wath cold distilled water The precipitates were then 
dissolved in saline (Oi) per cent NaQ) In attempts at 
further punfication the roacroglobulins of two sera were 
repreapitated twice from the saline solution by addition 
of distilled water In vicnv of the close iimilanty of the 
ultraccntrifugal and electrophoretic patterns after the 
first and third prcapitations the macroglobulms of the 
other two sera were predpitated only once, thus hmitiDs 
the inherent losses assoaated with successive reprecipita 
tjons The macroglobulms In saUne solution were SoU 
filtered into sterile vials and stored at 4 C After pre- 
dpitatioa of the macroglobulms the supernatants were 
concentrated to the original \'olOTncs of tlie sera by per 
vaporation in Visking tubing under stenle conditions. 
The whole sera, tiw preapitatcd nucroglobuHns and the 
lupcmatants were compared by electrophoresis ultra 
centrifugation and immunologic methods. 

Btecirol>horesis 

1) Free elecirothorcsis All samples were examined 
in a Spmeo model H Tisehus apparatus at 0,8 C, using 
veronal buffer at pH 8 6 and ionic strength 0 1 The solu 
Uons were dialyzed through Visfcmg tubing against the 
buffer for a period of 24 to 36 hours pnor to eJectropho' 
retie analyses. The protem concentration of each sample 
was about 1 per cent as determined refractoraetncaliy 
(14) The roacroglobulm fraction of one serum (A3 ) 
was analyzed In acetate buffer at pH 3 65 and 4 8 phos 
phate buffer at 6 i 7 0 and 77 and veronal buffer at pH 
8,6 The ionic strength of all buffer* was 0 1 

2) Fu/it electrophoresis All samples were investi- 
gated by paper electrophoresis according to a procedure 
described prevumsly (15) Veronal buffer (pH 8 . 6 , Ionic 
strength 0 1) W'os used m tliis itudy After electropho- 
resis the papers were itained for proteins and carbohy 
drates with Amido black lOB (16) and tlie periodic add 
Schiff reagent (17) respectively 

3) Starch electrophoresis One serum (A-B ) was 
separated into its electropboretically distinct components 
using starch electropliorcsis. The mctliod is fully de- 
scribed elsewhere (18) The starch block was divided 
into segments accordmg to the protem distnbution curve 
as slmwn m Hgurc 5 The scrum proldn fractions were 
eluted from the starch block and examined m the ultra 
centnfuge and by paper dectropboresis 

As sliown in Figure 5 the 7 glotwlini were divided 
into four sub-fractions m an attempt to delimit more 
precisely the locale of the macroglolnilms, 

• In tins paper the term macroglotmlms refers to se- 
rum components precipitated by 16-fokl dilution of patho- 
logical serum with distilled water This treatment did 
not cause predpitation of the generally found fast sedi 
menting component of normal scrum (S 20) 


Vllraceninfugalion 

The Spmeo model E optical ultraccntnfuge was used 
to determine the sedimentation constants of the proteins 
m different Mmplei. The solutions were made up m or 
were diluted wnth saline. The av'crage temperature dur 
mg centrifugation was 19 to 20 C and the rotor speed 
was 59 780 rpjn. The sedimentation constants were 
not recalculated for standard conditions. The effect of 
protem concentration on sedimentation constants \vtis not 
ravestigated m sicw of tlie apparent complexity of these 
matcnols. 

Immunologic melhoiJs 

Albmo rabbits of both sexes (4 to 8 kg hod> waght) 
were immunized wnth the following antigens 1 ) the 
macrogiobulm fraction of serum A,B (U per cent in 
saline) referred to hereafter at if 2 ) undiluted pooled 
normal human serum referred to as \HS 3) S<iuibb 
gamma globubns * (3 5 per cent m lalmc) referred to os 
GG One-mL aliquots of each antigen solution were m 
jeeted lotravtnously into two rabbits three times a week 
(on 3 successive day's) for a period of four to five weeks. 
Tlie animals were bled 6 to 9 day's after the last mjec 
tion. The antisera to each antigen were pooled, Seitz 
filtered mio sterile bottles and stored at 4 C The anti 
sera were tested for presence of antibody by ring test 

To dctennlnc the degree of antigenic stmilanty between 
M and GG the following expenroent was carried out 
(experiment A) In a senes of 19 tubes I mL aliqoots 
of the antiserum to M diluted fourfold, were mixed with 
equal volumes of a solution of GG b halving dilutions 
The maximum concentration of the GG solution uwd was 
9 per cent Incubation of the tubes for 2 hours at 37 C 
followed by nvruhation for 48 hours at 4 C resulted m 
the formation of \uiblc preapitates. Tlie tubes were 
then Centrifuged and aliquots of the supernatants were 
checked by nng test for excess antibody with CG and 
for excess of antigen wnth anti Krum, The super 
nataots containing excess antibody were further ab- 
sorbed whh GG untn ring tests were negaiis'c with GG 
These latter supernatants were then letted with a solu 
Ibn of M for the presence of specific antibody 

As a further test for the speofic antigemcity of macro- 
globuHns the following expcnmcnl was performed (cx 
penment B) To a 3 ml aliquot of and M tcnim GG 
was added in suffidcntly high concentration to mlnbit any 
prectpiution (45 mb of 2,5 per cent solution) between 
GG and anti M serum In a senes of 12 tubes l-mL 
aliquots of this solution were incubated with equal wl- 
umes of il iQ halvmg dilutions in concentrations vary 
ing from 25 mg per mb to 8 7 per mb In a senes of 
control tubes GG was substitatcd for M In another cx 
penment the procedure was repeated using instead of 
GG a solution of concentrated scrum protons (20 per 
cent in saline) isolated from normal human scrum by 
precipitation with ammonium sulphate at 66 per cent 
saturation, 

* Batch 88 Squibb Co obtamed through the courtesy 
of the American Xauonal Red Cross, Washmgtoo D C 
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<;rl luI r <J tis 

To (Ic ermine the minimum number ol antipcnic moieftc-« 
in each antigen solution the degree of cro^'; reactnata oi 
the i-inoj< ard the prciencc of ^pccihc antigenic 

groups or antigen' m the macroglobuhn fraction the tol- 
lomngagar gej technique: ucre u<cd 
Oudm tubes were 'ct up tor “single diffusion (!*>) 
The anti'era \ ere diluted wath 3 aoluracs of a 1 per 
cent 'olutioa made up in saline. All the antigen solutions 
used in these c.\penments were made up to 2 per cent 
m saline Each antiserum was tested with tlie 3 antigen 
solutions M NHS, and GG 
The method reccntlj desenbed bj Oudm (20) using 
glass cells wath jiarallel walls was used to determme the 
antigenic similarities of M, GG and NHS In these ex- 
penments the antisera and antigen solutions were diluted 
wath equal aolumes of 2 per cent agar The concen- 
trations 01 the GG M and NHS were 1 8 per cent, 1 5 
per cent and 3 3 per cent respectuelj The lower sec- 
tion of the cell was filled with agar solution containing the 
anDscrum, the central section wath agar onlj, and each of 
the two hall cs of the upper section with one of the anti- 
gens m agar (sec Figure 7) 

In order to ascertain further whether the macroglobu- 
lin fraction contained an) speafic antigenic moieties not 
present in normal serum an e-xpenment similar in pnn- 
aplc to experiment B (described abote) was devised 
■V solution 01 the normal serum proteins was made up to 
a concentration ot 20 per cent in the agar used for the 
Oudm double diffusion method This solution, referred 
to hereafter as AP was used instead of pure agar in all 
compartments of the Oudm cell for double diffusion 
Thus a uniform concentration of normal serum proteins 
was maintained throughout the whole cell ^nti M se- 
rum in \P was placed in the lower compartment and M 
in \P was placed in the antigen compartment 

In a control cell the upper section was dmded into 
three segments (Figure SB) Segments I and II were 
filled wath solutions of macroglobuhns in AP, the con- 
centrations of M being 0 75 per cent and 0J8 per cent 
respecti\cl\ Segment III contained onh AP solution 
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Fic 1 lirSIUXO-ELECTBOPnORESIS 


A and B represent ditches containing the antigen solu- 
tion to he separated C-1 C-2 and C-3 represent channels 
containing the antisera M represents the ditch for the 
rrarJ er solutioit. 


Ouchtcrloni plates (19) wath four circular wells s\m- 
nictncalh placed with respect to each other in a Petn 
dish ot b-cm diameter were used Two wells, diamctnc- 
alls opposed were filled with anti M and anti-GG, and 
the two other wells with the homologous antigens The 
concentrations ol the reactants were the same as m the 
presaous expenment 

Immuno-elcctrophoresis wms performed according to 
the method of Williams and Grabar (21) The glass 
plates used were 30 cm X 15 cm and were coaered with 
transparent films of agar, as described bi Oudm (22) 
Electrophoresis was earned out in an agar medium (1 
per cent agar in \cronal buffer at pH 8 6 and ionic 
strength 0 025) The height of the agar laacr was 3 mm 
In anew of the high degree of electro-osmosis in agar 
the matcnal to he separated aaas applied m most experi- 
ments, in small ditches (20 mm X 4 mm X 3 mm ) 10 
cm from the anode (A and B in Figure 1) Two anti- 
gen solutions made up in agar'' aaerc separated simul- 
taneously on each plate and after electrophoresis the anti- 
sera in agar aaere placed into 5 mm wide channels (C) 
aahicli aaere cut longitudinall) parallel to the direction 
of electrophoretic separation (Figure 1) To folloaa 
aasualla the electrophoretic separation a "marker (M) 
aa-as used. This consisted of normal serum mixed aaith 
small amounts of bromphenol blue (traaelling slightla 
ahead of the albumin) and hemoglobin (traaelling aaith 
tile globulins ) The electrophoresis aaas earned out 
m a aaell-insulated box to minimize ea-aporation The 
electrode ae,sscls were identical to tliose used for paper 
electrophoresis The aoltagc applied across the plate 
aa-as 30 to 45 aolts and the current aa-as about 20 inA 
The duration of an expenment avas 24 to 30 hours during 
aahich time the albumin and y globulin aaere separated 
oacr a distance of 15 cm The distribution of the sepa- 
rated proteins ans established with the help of a "pnnt," 
taken as described lor starch electrophoresis (18) Im- 
mcdiatela after filling channels C-1 C 2 and C 3, the 
agar plates were coacred witli glass plates and sealed 
wath silicone grease The plates were then placed on a 
lea el surface at room temperature and obseraed inter- 
mittent!) for the formation of preapitin bands 

results 

Free clcctro[>Iiorcsis 

The results of free electrophoresis for the four 
sera and for the rcspectiae supernatants (scrum 
minus macroglobuhns) arc giacn m Table I to- 
gether aaith the results obtained m this laboratorj 
for normal sera As can be seen the y-gloliuhn 
fractions of all four sera aaere high!} eleamted 
Hoaaeaer onh the first three sera contained ap- 
preciable quantities of macroglobuhns The mac- 

-Two aolumes of the antigen solution aaerc mixed aaith 
one volume of a 3 per cent agar solution in aeronal buffer 
of tonic strength 0 075 
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TABLE I 


Free elecirophorests 


Cese 




ReUUre prrtcQtaRc* 


Gdv r*T lOO mL in 
«boie *eTnm 

Albntnin 


ClobuUn* 


Total 

rcotdnl 

ilacnj- 

flotraUnti 

Alph».l 

Alpha! 

Beta 

Cuama 

C V 

W 

33 1 

88 

19 8 

11 8 

267 

7 38 

2 

(Female) 









N R 

W 

16 8 

48 

i 2 

12 / 

58 5 

10 68 

5 

(Malt) 

s 

41 4 

10 2 

59 

96 

32 9 



A B 

w 

26 8 

36 

7 I 

89 

53 6 

16 10 

8 

(Female) 

s 

61 6 

50 

12 7 

12 6 

7 1 



L.S 

w 

31 3 

3 2 

70 

92 

49 3 

12 18 

0 , 

(Female) 

s 

340 

34 

70 

92 

464 



^ormalf 

Male 

59 4 ± 3 2 

4 7 ± 1 8 

86± M 

129 ± 17 

143±2S 

8 12 ± 0 59 


serum 

Female 

58 4 ± 27 

52 ±07 

9a± 10 

124 ± 1 2 

142 db 1 S 

7 92 ±071 



\V — ^Wbole unfractionated wrum S — SuDematant (serum minus macroclohalint) 
t Averaje value* a* found for 22 male and 14 female sera * one itandonl deviation 
I Determined rcfractometncally 
I Approximate value* 


roglobuhn fraction of each of three sera (C V 
A B and L S ) gave rise to single s\ niroetncal 
peaks with mobility v'alues of 0 64 1 10 and 079 
cm per volt per sec all of whicli fell below the 
range of those for normal y-globulins (173 to 1 67 
cm * per \ olt per sec ) The niacroglobuhn frac 
tion of the fourth serum (Nil.) resoUed itself 
into three i>caks wnth mobilities (1 12 379 470 
cm per N oU per sec ) corresponding to those of 
y- p and a, globubris The macroglobulm frac 
tion of the scrum AJ3 could not be rcsoUed by 
free electrophoresis into more than one peak within 
the pH range 3 6 to 8 6 Figure 2 represents the 
patterns obtained b> free electrophoresis for the 
■whole sera A B and N R and their macroglobu 
Uns and supernatants 

Paper rlrclrophorcsu 

The results of paper electrophoresis confirmed 
those obtained by free electrophoresis Staining 
of the clcctrophorctograms of the whole sera with 
fuchsin rc\caled m addition to the fuclisin stain 
able bands found in normal ^ra the presence of 
material nch in cnrboh)*dmtc in the y-globuhn 
region Tlie fuchsin stainable band m the yglobu 
Un region appeared to be associated with the 
macroglobulins os evidenced b\ its presence on 
the clcctrophorctograms of the macroglobulm 
eolations and its nliscnce m the supernatants 
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Fu 3 Paper Electrophoresis of Serum A B 


\\ S repre‘;eiits whole serum, M represents macroglobulin fraction, S represents 
supcmatint The three strips on the left arc stained witli Amido black lOB for pro- 
teins while the two on the nght are stained with periodic acid Schiff reagent for 
carboln drates 


Figtires 3 nnd 4 represent the electrophoretograms 
of the w hole sent of A B and \' R and their cor- 
responding mTcroglobuhns and supernatants 
stained for protein and carbohjdrate 

Scf'cjration oj A B scnini by starch ckctrophorcsis 

The resolution of this serum by starch electro- 
phoresis is illustrated in Figure 5 Each of the 


S WS M ( WS 

' 1 



Fir 4 PuFJt Flfctpopiiorfsis of Serum XR 
\\ S rcpre<ents whole 'erum M represents macroglobu 
hn fraction S reprc<ents supernatant The three stnps 
on the le t are 'tamed with Amido-black lOB for proteins, 
the fourth stnp is 'tamed wath periodic aad Schiff rea- 
gent for carbohi drates 


eluted fractions was c\amincd bj both paper elec- 
trophoresis and ultracentnfugation Four of the 
eluted fractions, albumin aj-, a.- and ^-globu- 
lins displa} ed normal migraton and staining prop- 
erties by paper electrophoresis Ultracentnfuga- 
tion reaealed a rapidh sedimenting material (16 4 
S) in low concentration associated with the a„ 
fraction The four /-globulin sub-fractions were 
all heterogeneous m the ultracentrifuge Three ot 
the latter fractions (B, C, D,) were composed of 
normal and macroglobulin components Only one 
fraction (A) appeared to be free of slow’l) sedi- 



Fic 5 Separation of Serum A B by Starch 
Electrophoresis 

The shaded areas represent fractions eluted from the 
starch block. A B, C and D represent subfractions of 
7 -globulins 
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tabu: II 

S^tfruHlalion cemstanls of xrrum fradiens ohiainni by starch tleclropboresss 
{sfTvm AM ) 


A 

C«minA-2 

B C 

D 

Gmsuna*! 

B«U 

Alpha 2 

Upha 1 

AlbumiD 


73 

6 5 

65 

75 

48 

67 

37 

40 

164 

15 2 

15 7 

14 6 



16 5 



23 2 

21 7 

22 0 

22 2 







28 8 

28 t 

288 







meriting y-globuhn (Table U) The data of Table 
II ^\ould suggest that the macroglobuUns migrate 
at a someuhat slower rate m an electnc held at pH 
8 6 than do the y-globubn constituents rcgulnrK 
found m normal serum 

Ultraceninjugation 

The macroglobuhn fractions of the four sera 
possessed components of high sedimentation con 
stants The results of ultracentnfugal analyses are 
presented m Table III The macroglobulm frac 
tion of serum N R resolved itself into a broad 
spectrum of components with sedimentation con 
stants of 3 4 6 0 110 126 17 7 and 27 5 S 
B> far the greater part of the macroglobuhn frac 
tion (82 per cent) was composed of the fast sedi 
meriting material (peaks with S values of 11 to 
27 5) The macroglobuUns m serum AB (Fig 
ure 6) also appeared to be heterogeneous ultra 
centnfugally possessing sedimentation constants 
of 16 4 23 3 28 8 S m addition to a small peak 
w ith sedimentation constant of 7 4 S These 
values correspond to the S values determined for 
the four y-globuUn subfractions isobted b> starch 
electrophoresis Tlie macroglobulms of scrum 


liad sedimentation constants of 6 5 10 6 and 
15 3 S Sedimentation constants of 6 5 18 5 and 
260 were calculated for the components m the 
macroglobuhn fraction of serum CV 


TABIX ni 

UUmctntTtJitial analysis of the macroilobuhns 






coonmiiit* 

fnetnUBrtt 

C V 

6.5 

55 0 


18.5\ 

26 0/ 

45 0 

K R 

34 

58 


60 

n 9 


no 

U 3 


12 6\ 

17 7( 

6U 


275 

98 

A. B 

74 

46 


164 

S6J 


23 3 

32 2 


28 8 

67 

L. S 

6J 

57J 


106 

22 4 


15 3 

20 1 


In S\-c<lbcrB unit*. 

t Rclati\'e djitribuucm of the cornponent* in the nucro- 
glc^ulin fractions. 



Fic. 6 Ui.TitAct.'murtjaA-noK or Srauu A.B 
The lovkxr pattern represents macroglolmbas in 1 2 dilation atialyied m 
a stamlard cell the npper pattern represents macroslobtiUns In 1 3 dilaUon 
m a cell prorided with a svedge disc. The ahorc frames (from left to nght) 
were pbotograpbed at 10 17 22 and 28 nun. after the rotor attained fall 
speed of 59.780 rpjn 
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GG 


GG 


M GG 




■\nti GG 
A 

Fig 7 Double Diffusion Enpeeiments in Oudiv Cells imth Parillel W\ils 
M represents macroglobulin fracDon of scrum A B , GG represents 7 globulin , Anti-M represents rabbit anh macro- 
globulin scrum, Anti GG represents rabbit anti-7-globulin scrum, Anti-NHS represents rabbit anti normal human 
scnim 


I muninologic results 

1 Precipitin method — In expenment A pre- 
ciptfition occurred m tubes 2 to 18 in the senes 
of 19 tubes Supernatants from tubes 2 to 18 gate 
positue nng tests with GG and those from tubes 
1 to 12 gate positne ring tests wnth anti-M se- 
rum The supernatants were subsequent!} ab- 
sorbed w ith GG until antibod) could no longer be 
detected against GG How'eter, the supernatants 
still gate positue nng tests with III thus demon- 
strating the presence of a precipitating antibodt- 
anligen si, stem specific to M 

In expenment B, precipitates were formed on!} 
in tubes 5 to 10 of the senes of 12 tubes The 
optimum zone appeared to be in tube 8 Similar 
results were obtained when the proteins of nor- 




B 



Fig Dolbi E Diffi SION Entfriments in Oldin 
Cells with P\rallel Walls 
The cells represent the £%stem of macroglobulms wath 
rabbit anti macroglobulin serum in presence of an excess 
of normal serum proteins 


mal serum were substituted for GG, the optimal 
zone being obsen cd in tube 9 

Agar gel techniques 

Prcapitm bands were formed in all Oudin 
tubes indicating thus that j\I, GG and NHS con- 
tained some common antigenic moieties 

The results of the expenments using the Oudin 
cells with parallel walls (Figure 7) demonstrate 
the extent of antigenic similantt of M and GG “ 
In Figure 7A it appears that both AI and GG con- 
tained at least three identical antigenic moieties 
In plate 7B se\en bands were formed between M 
and anti-M two of which were common to the 
GG-anli-i\I s}stcm As reiealed in Figure 7C a 
minimum of four bands was formed only between 
M and anti-XHS and three additional bands were 
common to the two s\ stems Figure 8 illustrates 
the results for the AI-anti-M s\ stem in agar m the 
presence of an excess of normal serum proteins 
As can be seen m Figure 8A one distinct band was 
produced across the central portion of the cell 
when the upper section was filled completel} with 
macroglobulin in AP solution This result indi- 
cates the presence of at least one specific antigenic 
moieti in the macroglobulin fraction which is ab- 
sent from normal serum This conclusion is fur- 
ther suppiorted b\ the discontinuit} of the band 

'The bands were much more clearlj delineated in the 
agar than m the photographic reproductions 
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Fic, 9 OuCnTEBLOSV PLATt 


\facro rtpro^nti macroglobulm fraction of •cniro 
A,B^ GG repmenU 7-glabaHti Ann nocro rcprctenU 
rabbit anh macroglobuUn »cnrm Anti OG represent* 
rahWt anb*Tr globollo Mrum. 

in the region containing onl> the AP solution m 
the control experiment (Figure 8B) 

The Ouchteriony plate is shcin-n m Figure 9 
M lersus nnti GG gai'c nse to four bands while 


each of tlie homologous antigen antibodt <tcms 
gave nse to two bands onI\ GG gave onl\ a faint 
band against anti M 

The immunO'dectrophoretic results are ilhis 
trated m Figures 10 and 11 

Electrophoresis of the 1\HS in agar followed by 
the application of the anti M, anti NHS and 
anti GG sen in the longitudinal channels resulted 
in the formation of a large number of prcapitin 
bands (Figure 10) The anti GG reacted with 
the electrophoreticallj separated NHS proteins to 
yield a long continuous preapitin band extending 
from the /-globulm region into llie albumin region 
in addition to two faint bands in the globulin 
and albumin regions The long precipitin band 
was also formed In the NHS anti NHS svstcni 
but not by the NHS anti M system In all otlier 
respects the anu \f and anti NHS appeared to 
form tJic same number of bands simihr in their 
distribution The absence of bands betw cen anti 
and NHS (in Figure 10) and between anti M and 
GG (m Figure II ) m the region of y globulins is 
somewhat perplexing m \ne\v of the copious pro- 
apitatcs obtained when anti M was incubated with 
GG as prmoush mentioned U^icn M was sepa 
rated b) electrophoresis in the agar and anti M 



SHS represents pooled normal human serum Antl-CG represents rabtnt 
anU-*r-ftlobiilln serum Anti MtS represent! rabbit ontl-nomul hu man 
serum AnU Maao represents rabbit anti macroglobulm icrum. 
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siinrt Inncls in ^ddltlon to n long continuous band 
extending from the -/-globulin region into the albu- 
min region (Figure 10) Tins band is most pro- 
nounced in tlie -/-globulin region This result can 
lie cxplaincrl in t%\ o u a\ s It mae be due to cross- 
rcactniU between GG and all the other proteins 
nonnalh found in serum This uoiild imph that 
the other serum proteins contain some antigenic 
groups identical to those of y-globuhns The other 
explanation would be that y-globiihns are prefer- 
entialU absorbed onto the agar matnx during 
their migration b\ electro-osmosis from the zone 
of application to their final location on the agar 
plate 

On the basis of the immuno-electrophoretic re- 
sults obtained with the GG-anti-GG s\stem (Fig- 
ure 11) It would appear that the first h\-pothesis 
might be ruled out For as can be seen in Figure 
11 a long continuous band similar to the bands 
obtained with the \HS-anti-\HS or anti-GG 
SI stem (Figure 10) was also formed between the 
-/-globulins and anti-GG This band also CNtended 
from the -/-globulin region into the albumin region 
Howe\er in mcw of the contradicton results ob- 
tained recenth b\ Slater (24) who claims to Ime 
detected some antibodv titer associated with fi- 
and a-globulin in addition to the bulk of the anti- 
bodi residing in -/-globulins both factors, x’la , 
cross-reactiMtj of the different serum proteins 
and absorption, might be partly responsible for 
the formation of the precipitin band throughout 
almost all of the protein spectrum A further 
point that deserv es mention is the rehabihU' of the 
agar gel techniques m detecting combination be- 
tween antigen and antibodj Since the anti-M 
and anti-GG sera formed sei cral clearh delineated 
bands wath either of the tw o antigens ( jNI or GG) 
in the Oudin cells (Figure 7), and since copious 
precipitates were obtained on incubating anti-RI 
wath GG m saline, the appearance of onh faint 
lines b\ immuno-electrophoresis for the anti-iM 
and GG^stem (Figure 11) is somewhat perplex- 
ing Similar!}, on!} faint bands were formed be- 
ti\cen anti-M and GG in the single diffusion Oudm 
tubes and on the Ouchterlom plate (Figure 9) 
It should be emphasized that although agar gel 
techniques wall, in general, detect trace amounts 
of antigen or antibod\ in some s} stems, in other 
ca'cs — lor reasons which we do not know as }et — 


almost complete inhibition of precipitin bands 
niaa occur 

SUMMARN 

Sera from four cases of macroglobuhnemia 
(Waldenstrom s\ndrome) were imestigated by 
means of zone (paper and starch) and free elec- 
trophoresis, ultracentnfugation and immunologic 
methods (precipitin technique and the Oudin, 
Ouchterlon} and Grabar agar gel technique) 

On free electrophoresis the macroglobulm frac- 
tion of three sera ga\e rise to single s}anmetncal 
peaks with mobility of a slow mo\mg y-globuhn, 
while the macroglobulm fraction of the fourth se- 
rum was resoKed into three peaks with mobilities 
of a,-, p- and y-globulins 

The paper clectrophoretograms re\caled the 
presence of material rich m carboh}dmte associ- 
ated with the macroglobulm fractions 

The ultracentnfugal anal} ses demonstrated that 
the macroglobulm fractions were heterogeneous, 
the sedimentation constants of the different con- 
stituents \ar}ing from 10 6 to 28 8 S 

The immunologic methods indicated the pres- 
ence of antigcmcalh specific material m the macro- 
globuhn fraction which is absent from normal 
serum 
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These expenments were performed to test the 
nccuric} of techniques which are suitable for 
estimating the rate of uptake of Rb" b\ tbe m\o- 
cardium m man In the expenmental animal it 
w as possible to compare estimates that w ere based 
on external measurements of the t\pe possible in 
man with the actual myocardial uptake of Rb®“ 
determined bt direct anahsis of the heart after 
sacnfice The rate of miocardial uptake of Rb®' 
was of interest because factors which influence it, 
such as the rate of coronan blood flow and the 
permeabiliti of capillaries and muscle fibers, prob- 
abh likewise affect the uptake of important metab- 
olites bi the heart Since rubidium resembles po- 
tassium in Its biological behatior, it might be pos- 
sible to extrapolate to an\ gross changes m the 
rate of potassium uptake or concentration occur- 
ring with heart disease As a partial test of the 
relationship between coronarv blood flow and 
Rb‘'' uptake rate m the heart, 1-norepinephnne or 
Pitrcssm© were administered intrae enoush to 
see eral dogs because of the knowai effects of these 
drugs on the coronary blood flow (1, 2) If an 
estimate of coronan blood flow could be obtained 
m intact man wathout catheterization of the cor- 
onary sinus, the lairiations in coronan blood flow 
m large numbers of normal subjects and patients 
with e-anous Upes of cardiac disease could be 
studied Rubidium", which has a 11 met 
gamma emission and a Ty_ of 19 5 days, has been 
used as if it were a tracer of potassium since the 
12 4-hour T^4 of K" makes its use difficult 

Rubidium®” is not actually a tracer of potassium 
(3) Howeter, rubidium resembles potassium 
chemicalh, and has biologic effects on the heart 
similar to those produced b\ potassium (4-7) 

t Supported bj the R A Billups Fund for Research 
in Heart Disease and aided b> a U S Public Health 
Semee Grant H-143 


These two elements are partitioned between the 
myocardium and plasma m almost identical ra- 
tios and the rates of uptake of each by the t anous 
organs of the dog are qualitatit eh similar (8) 
The rates of uptake of K*” and Rb®“ by the human 
erythrocyte vi zilro have been found to be tery^ 
nearh the same (9) The processes mvohed m 
bringing about uptake of the two elements seem 
to be similar m this ty’pe of cell at least, since 
factors reducing K'*” uptake, such as cooling, in- 
crease m plasma potassium concentration, and the 
addition of lodoacetate to the plasma, produce a 
proportional reduction m Rb" uptake (10) 

The general procedure m these experiments 
was to maintain a nearly constant concentration 
of Rb®” in arterial blood by the continuous in- 
jection of isotope, usually for 30 minutes, w'hile 
an indication of the nse of my'ocardial Rb®” con- 
centration was obtained from a collimated, re- 
cording scintillation ratemeter placed o\er the 
precordiuni From these data the turnoier rate 
of miocardial potassium, which is defined as the 
fraction of miocardial potassium exchanging with 
the plasma per minute, and the amount of plasma 
cleared of Rb®” by 100 Gm of myocardium in 
one minute were calculated using certain simpli- 
hing assumptions The reliability of these esti- 
mates was eialuated by companng them with the 
results of direct anahsis of the myocardium after 
sacnfice 

MATERIALS AND METHODS 

Mongrel dogs weighing 6 7 to 14 3 Kg (mean 10 7 
Kg ) were anesthetized wath 30 mg sodium pento- 
barbital per Kg mtrasenousb and taped to a frame so 
constructed that the> could be held securelj m a prone 
position over the prccordial monitor Supplemcntarj 
anesthesia of 30 to 60 mg sodium pentobarbital was oc- 
casional!} necessar} Under fluoroscopic control the 
frame was adjusted so that the approximate center of 
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PfieCORDKkL MONITOR IN DOGS 
Oor»el 



Hiart 



FlC. I SCHEUATIC RETKtSElrrATlO'I OT THt A»AKC»> 
MIKT 07 THE pKCORDtAL MOKTTOR IN PkOIH; AjfES 

THEMm Doc* 


the TentnaiUr o^au cointaded with the rertiaJ axis of 
the cotorter cryttal After intraYeoou* injecbca o! 100 
to 150 mg heparm, freiiuent r ecor di og* of ptil« tod 
tte*Q feroor*! grterial b1^ prenure were began tmftg 
* mercury maootneter The mean artenaJ blood pro 
tore averaged 140 mm, Hg la dog* not recervteg dnigs 
and the mean pulae rate vo* 160 per mimrte. Blood from 
the oppoaitc femoral artery was allowed to flow throogh 
300 cm. of 17 jnm. Internal diameter polyethylene tub- 
ing and returned to the femoral rein. A drop bottle 
■wa* mterpcsed, and <50 cm. of this tabing wa* wrapped 
wtmnd a probe-type Geiger MuUer tube attached to * 
recording ratemeter according to the pnridplc deicribed 
by Sear (11) Blood flow through the tubing wa* ap- 
praxmntely 15 ml per mhu mcasnrcments bcmg made 
at fivc-mmotc Interval* by toed collectioa of 6 ml 
blood. 

The drug* were administered m Q£5 per cent NaC3 
•ohrtion at an average rate of 4 ml per min. from a 
preiiimzed fla*V. Flow was regulated with a needle 
valve and drip bottle. The average dosage of l-norepi 
nephrine wa* 2.S Mgm. per Kg per mtn.i and of Pitres 
•in®* 0065 presaor umts per Kg per nun. Admlnutra 
tlon of the drug* was started 15 rmnotes before mjec 
tioo of Rb" m order to allow any tranrient c h a n ges m 
plasma potassium to lubside. When PitressltfS was osed 
the imthd nse m blood pressure caused by the dra g fad 
disapijcared before measurements of RIT uptake were 
•tarted. The mean pulse rate was 17S per and the 
average mean blood pressnre 165 mm- Hg m four dog* 
receiving I-norepinephrine, while In the tlx dog* glrvn 
Pltretsin® the average pulse rate was 125 p^r min. ^d 
the average mean blood pressure mra. Hg The 

* Supplied by Parke, Davis & Co. 


hearts of three of four dogs that re c e i ved 1 norepmeph 
nne sboived varying degree* of intramvocanEal hemor 
rhagt, mainly wbendcjcariEal and a decrease in the 
myocardial potaisram conceniratwn. The mean potas 
shim concentratioa m these dogs was 66,4 mEq. per 
Kg myocanflam, or 20 per cent less than in the con- 
trol dog* 

Pfecordial wonUonng wa* performed by means of 
a •cmtniatioQ ratemeter* employing a Nal cryital and 
a recording galvaaometcr with a half tot of 5 sec- 
onds. The geometry shielding and general arrange- 
mail of the apparatus are indicated »che ma tically m 
Figure L The precordial radioachvity at the end of 
30 mmutej of Rb" infusion was approximately 20 time* 
badeground. Three dogs were sacrificed ih jifu by in 
travenou* mjectioo of 300 mg sodium pentobarbital and 
those tissues which were within the field of the counter 
were removed to determine what portion of the radio- 
activity recorded over the precordlum ivas actnally do- 
med from the heart. This varied from 62 to 72 per 
cent Almost one-half of the precordial radioactiTity 
ansmg outside of the heart wa* derived from the an 
terior chest wall while the remaining 15 to 20 per cent 
originated in the posterior chest wall Ivmgs, and the 
portions of the body shielded from the coonfer In six 
dogs in which the heart was monitored separately alter 
sacrifice, the amount of radioactivity averaged 70 per 
cent of the total precordal cenmt 

The m}cthon oj in 0,85 per cent NaQ solution 
was made into a feroorsl rem by means of a SO-mL 
gynage driven by a variable speed motor The usual 
Rb“ concentration of the injeetant wa* 12 ^ per ml. 


mOECTiOM RATE USED TO OBTAIN 
PLATEAU PLASMA LEVELS OF Rb®« IN DOGS 



M/ntffes ofttr etarf of Rh** Infusion 


Fwx 2. TnxCojmxuouw-v Deceeastto iKTXATOfot;* 
jvyEcnoJ* Rate Used to OsTAm Kca* Constajtt A* 
tcttai. Plasma Ra" CoxcEKraATiOH in Docs 

*\V sTMacDowdd Co. Type 155 
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35 ml b«Jig injected in 30 minutes Rubidium" obtained 
as Rb CO, iims neutralized vnth HQ and used no 
longer than t\io months after rccapt in order to asoid 
significant contamination \inth long lived radio elements, 
such as Cs”‘ A standard injection rale was derived bj 
calculation from the plasma decaj curve of Rb" in dogs 
(8), vMth empirical modifications, Figure Z. In some 
cases the injection rate was altered during the procedure 
as required hr a change in whole blood radioactintj 

Ttsnic specimens weighing approximatelj one gram 
I ere collected from several parts of the heart, from the 
lung liver, and muscle of the pectoral region and spine. 
These samples were digested in HRO, for determina- 
tion of radioachvitj and potassium content bj methods 
previous!} described (8) Speamens of artenal plasma 
were obtained at five minute intervals for determination 
of radioachvit} (12) and potassium concentration In 
the initial studies plasma potassium concentration was 
measured using a tv\cnt}-fold dilution of plasma. How- 
ever, all other plasma samples were digested with HNO, 
before dilution, and the earlier determmabons were cor- 
rected to the probable values which would have been 
obtained wuth digested plasma. This correction, which 
amounted to a 15 per cent increase, was based upon 
200 samples measured bj both methods 

METHODS AND ANALYSIS OF DATA 

Several assumptions were necessarj to order to make 
calculations of mjocardial potassium turnover rate and 


Rb" clearance from the data obtained As roenboned 
prevnouslj, Rb" was used as if it traced potassium 
wnthin the mjTDcardmm Therefor^ the mass of non- 
tracer matenal was represented by the potassium con 
tent, winch was assumed not to change dunng the pro- 
cedure. The rationale of this assumption has b'een 
given above. To e.xtend the prevnous study of the rela- 
tive concentrations of potassium and e.xchangeable ru- 
bidium m the dog’s heart (8), eight animals were 
sacnficed tliree to five daj-s after intrav-enous injection 
of Rb", and the potassium and Rb" concentrations of 
the plasma and mjocardium compared. The speafic ac- 
bvil} of czvchangeable rubidium in the heart and plasma 
have been shown to be nearl} equal after 24 hours (8), 
so that Rb” concentration vvould indicate relative ex- 
changeable rubidium content The ratio of the Rb" con- 
centration in the myocardium to that m the plasma 
divided b} the similar ratio for potassium averaged 
1 05 i 0 OS, compared with 1 14 m four dogs reported 
previously In the calculations this ratio w-as treated 
as if It were unity 

The second assumpbon upon which calculabons were 
based was that the ventncular myocardium consbtuted 
a mixed homogeneous compartment exchanging at a 
smglc rate with the blood. Although this is clearly not 
the case, any rapidly e.\changing porbon containing little 
potassium, such as the infersbbal fluid, would be un- 
detected by the methods used. Furthermore, the results 
did not indicate the presence of any large slowly ex- 


INFLUENCE OF THE DURATION OF Rbss INFUSION ON THE 
TOTAL MYOCARDIAL Rb88 UPTAKE IN 19 CONTROL DOGS 



Fic 3 The Total Re" Uptake n, 19 Covtrol Docs DETEninxED at 
S vcpmcE 5 TO 90 Jfi* ltes after the Start or Rd ’ I flsio 
T he curved line represents the bme course of Rb" uptake in the hypo- 
thebcal average dog if the myocardium was homogeneous and c.xchanged 
Rb" with the plasma at a single constant rate. 
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From equation (I) 


dY. 

- aAo“^ + bBo-« 

ac 


danging componenti. This is indicated in Figure 3 
winefa tbom the time coarse of the Yariation in individual 
dogs about the mean Rb** uptake rate. 

In making calcnlatiotis from data obtained from the 
intact dog it vi,-as further assumed that the preconCal 
monitor reflected the bdjavior of Rb** concentration In 
the myocardiam. The actual ajmpanson of estimates 
of myocardial Rb** uptake made on this bans with those 
obtained from direct analysis of the myocardhnn served 
as the test oi the nsefnlnets of this assumption. If 
radioactiTity over the heart reflects myocardial radio- 
activity then the recording of precorcCal radioactivity 
has three attributes from which the rate of Rb** uptake 
by the heart can be estimated. The iratial rate of in 
crease of radioactivity over the precordium is related to 
the Imtial rate at which plasma Is cleared of Rtf* by the 
myocardium, while the level of precordlal radioactivity 
at the end of the Infusion of Rb" is related to the maxi 
mal myocardial Rb" concentration reached during tiie 
procedure and therefore, to the average myocardial 
clearance of plasma Rb" during the infurion. The 
amount of curvature of the trace of precordial radki- 
ictlvity depends in part on the turnover rate of myo- 
cardial potassnnn. These three characteristics have been 
used to obtain ^’estimated" rates of plasma dcaraoce and 
rales of turnover from the type of data obtamable In 
man and these rates have been compared with their 
counterparts obtained by direct analysis of the heart 
at sacrifice. The latter have been rrferred to as "ob- 
served rates of clearance and rates of turnover 
JSrhmefni myocardial /•otoxnam lurtiotcr rate was ob- 
tained by differentiation of the time course of precordial 
Rtf* radioactivity The conunuous recording of pre- 
cordial radxnctivity was transcribed and the time course 
of its slope determined graphically The resulting val 
tttts acre plotted semi loganlhmically and a amgic 
straight line drawn by inspection which appeared most 
nearly to represent the data. Usually there was evidence 
of a rapidly exchanging component during the first five 
minutes of the Rb" infusion. This portion was ig 
oored in choosing the predominant exchange rate, smee 
it was considered to rise from outside the myocardium. 
Assuming staWe potassium concentrations, the pre 
cordial radioactivity curve can be taken to represent the 
rise of Rb"/K ratio in two compar tm ents exchanging 
with plasma oi constant Rb“/K ratio This may be 
expressed as 

Y, - A(1 - e--*) -t- B(l - e-^) (/) 

where 

y« is the precordial radioactivity at any tune t, 

A and D are the radioactinbes which would be re- 
corded from the two compartments at complete 
equilibnum, 1=05 

b is the fracbon of total non tracer potassium enter 
ing or leaving the slowly exchanging porboo per 
mmute, and a Is the timllar fractional exchange 
rate In the fast exchanging component 


The second term of equation (2) obtained graphically 
as previously described, was considered to represent 
the vanation of Rb“/K rabo m the myocardium. 

, 0 69 

‘’"tj? 

where T% is the time required for the value of the sec 
ood terra to decrease br one-half 100 b is equal to the 
per cent of the myocardial non tracer entering or leav 
ing the heart per minute. 

EfUmated tnitxal myocardial R&" clearance The ini 
tial rate of mcreasc of the predominant component of the 
precordial radioactivity curve was obtained by evaluat 
ing the second term of equatiosi (2) at t — 0 For each 
dog the resulting value was plotted against the ob se rved 
initial myocardial Rtf* dearance rate, defined below ex 
pressed m units of Rb" cpra. per 100 Gtu. myocardlnm 
per mmute. The resulting empincal relationship (cor 
relation coeffiaent, r=5+0,95) was used to convert the 
observed irohal rale of nse of precordial radioactivity 
In individual dogs to the units of Rtf* cpm per 100 Gm. 
n^oeardium per minute. The resulting value divided 
by the average plasma concentration of Rb" was the 
estimated myocardhl Rb" dearance. m mats of mb 
plasma dearad oi Rb" per 100 Gm. myocardium per 
minute. 

Eetnnated otvrope myocardial Rtf* drarcrtfe was ob- 
tained by taking advantage of the high correlation be- 
tween final precordial radioactivity and the Rb" concen 
tration of the myocardium at the time of sacrifice (r = -h 
053) The correlation coefBaents between precordial 
radioactivity and the Rb" concen t ration of the other or 
gans measured were lang + 0.8S H\*er + 0.S9 musde 
from anterior ebest wall + 0J5 and back musde + 0 
Despite the variation m ventricular weight from 38 to 89 
Gm., there was no consistent increase m precordial radio- 
activity with increase m heart site. Estimated average 
mjocardial Rb" dearance was defined as 

Estimated myocaftital Rb** + Mean plasma Rb** 

_ Dunitioirof Rb** Infusion ^ ' 

Because increasrag amounts of Rb" return to the plasma 
from the heart with increasing duration of Rtf* infusion, 
average dearanecs of different dogs are not comparable 
unless measurements arc nude over the same length 
of time. As the myocardium approaches equilibrium 
with the plasma, average dearance be com es an fncreas 
Ingly poor index of imtial dearance. Therefore, mean 
rate of dearance reflects the true rate of myocardul Rtf' 
uptake only when the heart has attained less than ap- 
proximately 40 per cent of the equillbriam Rb" concen 
tration. 

Obseri'ed myocardial polojsium lamovcr rale was cal 
cuUted from the Rb" and potassium concentrations of 
the royocardlnm measured at the end of the period of 
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TJb** infusion u^ing the assumptions listed above. Since THE THEORETIC EFFECT OF LINEAR CHANGES 

the mvocardium was assumed to be a single compart- JN PLASMA RbB6/K RATIO ON INDICES OF 

irent c.xchanging Rb" and potassium mth the plasma MYOCARDIAL Rbse UPTAKE IN DOGS 

at a constant rate, then 


H = C(U‘’'), i-f) 

\ here H is the Rb'‘/K ratio in the mjocardmm at the 
time of sacrifice, and C is the Rb^/K ratio m the heart 
at t = 00 (C is assumed to be equal to the average Rb^/K 
ratio obsened in the plasma) and b and t are as pren- 
ousIt defined. The talues of H, C, and t acre measured 
dircctlj, md the tumoser rate b was determined 
graphicall> 

Obsened iniliof miocardtal Rb" clearance was defined 
as the amount of plasma at the aserage concentration of 
aiTenal Rb“ which would be required to supply the 
amount of Rb" taLcn up per minute during a hypo- 
thetical moment before anj Rb'* had begun to return from 
the myocardium to the plasma. This was obtained from 
the turnover rate and potassium concentrations as fol- 
lows 

Initial mjocardial Rb'* clearance 

o ft)) (Mean m>ocardial K cone ) 

Mean plasma K cone ' ' 

Obseried mean myocardial Rb'“ clearance was calcu- 
ited in the same manner as estimated mean m>ocardial 
h** clearance except that tlic myocardial Rb“ concen- 
alion was obtained b> direct analysis of the heart 
mscle. 

Chantjes in plasma Rb'‘/K ratio occurred dunng Rb“ 
ifusions and caused errors in the radices of Rb** uptake. 
Tie influence of such vanations was tested by calculat- 
ig the theoretic changes produced in the time course 
f msocardial Rb** concentration and the resulting er- 
ors in calculations of Rb" uptake. Changes in plasma 
!b“/K ratio were assumed to be linear to simphfj cal- 
ulation It IS endent from Figure 4 that, in the range 
f e.xchange rates and rates of change of plasma Rb**/K 
atio actually encountered and iniesbgated, a very sig- 
ificant error maj occur in estimations of turnover rate 
nd imtial plasma Rb" clearance based on diffcrentia- 
lon of the curve of precordial radioactivatj However, 
ittle error results in the calcubtions of obsened ini- 
lal mvocardtal clearance of plasma Rb" and turnover 
f potassium which depend on the relationship of final 
tb"/K ratio in the m>ocardium to the mean plasma 
’b"/K ratio The error m the estimated imbal clear- 
nce would be greatlj reduced if the initial rather than 
.he mean plasma Rb" concentration were used in cal- 
culating the initial clearance when a definite progressive 
change in plasma Rb"/K ratio occurred. 

RESULTS 

■\n example of the tj’pe of data obtained is giv en 
in Table I Figure 5 illustrates the time course 
of precordial radioactivntj in a dog receivnng no 
drug infusion, m one recemng l-norepinephnne. 


• • cofrtrel do; 

O • deg rtccWH>g pitrttun 
A • dog receiving I norepinephrine 



Fig 4 The Theoretic Effects of Linear Changes 
IN Plasjia Ri)"/K Ratio on the Calculated Indices 
OF Mvocardial Rb" Uptake in Dots 

Since the effect depends on the actual rate of potas- 
sium turnover present, calculations were made in the 
range of turnover rates of mjocardial potassium present 
in the dogs receiving Pitressm® and 1 norepinephrine, as 
well as the control dogs Group a gives the effects on 
the calcuIaUons of estimated initial myocardial clearance 
of plasma Rb", group b the effects on calculations of 
observed initial myocardial clearance of plasma Rb" and 
turnover of potassium and c the effects on calculations 
of estimated myocardial turnover rate of potassium 


and in one receinng Pitressm® The mean plasma 
Rb” concentration and the relationship between 
final precordial radioactivity and Rb” concentra- 
tion of the myocardium were approximately ecjual 
in these three dogs 

The accuracy of csltmaltons of turnover rate 
is indicated b> Figure 6 Two dogs that received 
Rb” infusions for less than 7 minutes were omitted 
since no record of precordial radioacbvity was 
made, and two that were infused wnth Rb” for 
90 minutes were omitted since the myocardial 
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TABLE 1 


Data and cciculatwnx from Dot f 44 trt J4JKt 




Data 

Mhnta of Rb** lafoloo 



5 

10 

li 

10 

15 

40 

Rb” cpm per ml, pJoima 

10,900 

10^)00 

11,300 

11 000 

10,700 

10 400 

K, PerL plasma 

3.27 

3 27 

3 24 

3 20 

3 17 

3 17 

Mean blood pres$urc mm Ht 

113 

112 

US 

118 

118 

119 

Heart rate per min 

164 

164 

160 

168 

168 

168 


Rb** cpm ptr Gm venlrtdt (av ) 157 000 

Kj mBg fer Kt tenirtde {a\ ) 77 5 

from dtfferen&atfon ol the plot of prccordlal radioactivity min 54 

Initial alope of principal component of curve of preconiial radiooctmtj comTrtcd to cpm. 

per Gm ventnde j^r ram 9 980 

Final net precordlal radioactivity converted to cpm per Gm ventnde 205 000 


Calculations 


K turnover of myocardnnn per cent per mtn 

Initial myocarditu clearance of plasma Rb** mLperlOOGm myocardium per mtn 
Mean myocardial clearance of plasma Rb** ml perJOOGm myocardium per min 


Obwrred 
3 1 
75 

49 


U 

93 

64 


Rb"/K ratio at the time o£ sacnfice exceeded the 
plasma Rb**/K ratio making it impossible to cal 
dilate the rate of turnover Estimated turnover 
was consistently less than observed turnover m 
the dogs nhich did not receive drugs averaging 


only one-half of the latter value. Figure 6 shows 
that it ivas not possible to predict rapid or slow 
rates of turnover In the control group of dogs 
Abnormally low rates of turnover were apparent 
in two of SIX dogs recemng Pitressin* since 


TIME COURSE OF PRECOfiOIAL RADIOACTIVITY IN DOGS 
INFUSED WITH Rb«« 



Fig. 5 The Tiwe Coubse or P»Ecn*»iAi- Racioactitttv ix a Covmn. 
Doc (B) AND Dors iKTUsm wrm L NoatnNxrnwNr (A) and PmuxsiNS? 
(C) Duainc a so itiKirrr Praino or Convindols ADiUMsniAnON 
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CO'*PARISON OF OBSERVED AfJD ES■^^'ATED 
MYOCARDtAU K TUFS-IOVER RATE IN DOGS 



v» 

V. 

tj 



6 


4 



O icg rfct-nrg ^ rutin 
t dog »tc* I ^cr« tffjirt 





.n ■ ■ , > t 

2 4 


A 


A 


A 


A 


n 

6 


Observed m/ocordiol K turnover rate percent / mm 


Fic. 6 Co^ARiso\ OF Observed and Estimated Turn- 
over Rate of Mvocardial Potassium in Docs 


there \ras no detectable curvature m the traang 
of prccordial radioactivTt) Abnormally rapid 
rates of tumoier ivere predicted in all four dogs 
gi\cn l-norepinephnnc, although the observed 


COMPABISON OF OBSERVED AND ESTIMATED IHITIAU 
MYOCARD'At- PLASMA Rb'» CLEARANCE IN tXWS 


• « ccmlrcldoq 
o ■ dog receiving pitT«s»ln 
A •dog rectWing \ ncreptnephrlne 
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rates of turnover were again somewhat greater 
than the estimated rates 

The accuracy o] csltiuaiwns of the rates of tm- 
Ual myocardial clearances of plasma Rb** is ap- 
parent from Figure 7 The standard error of 
estimate vvas 14 ml plasma, tlie mean normal 
clearance being 70 ml Predicted and observed 
clearances were necessanlj equal overall because 
of the method of calculation 

The accuracy of estimations of mean rate of 
clearance in those dogs receving Rb" for 30 
minutes is shown in Figure 8 The standard er- 
ror of estimate was 10 ml plasma, the mean con- 
trol value being SO ml There was no consistent 
difference between the vTilues for estimated and 
observed mean clearances because an experimen- 
tally derived factor was used to obtain the esti- 
mated myocardial Rb'® concentration from the 
final level of precordial radiation In accordance 
with considerations discussed previously, de- 
creased uptake caused by Pitressin® was detected, 
whereas the small increase m mean clearance 
occurring in dogs receiving 1-norepinephnne was 
not 

Factors affecting the accuracy of the three types 
of estimations included the failure to maintain a 
constant plasma Rb*“/K ratio In 18 dogs this 
ratio was not observed to vary by as much as 10 

MEAN MYOCARDIAL PLASMA Rb e® CLEARANCE 
IN DOGS 


• • eoBtrot deg 


^ 'g O « dog rtMNing pttriiitR 

dog rtetWiBg t noTipIntphrlnt 



Fic. 7 Comparieo' of the Values of Observed and 
Estimated Initial Mvoc vfdial Plasma Rb** Cleara- ce 
I' Ders 


Fic 8 CoMPAPisoN OF TnE Values of Observed and 
Estimated Me.an Miocardial Plasma Rb** Clearance 
FOR A 30 Mi ute Period in the Doc 



ESTIUATION OF MYOCAKDIAI, SB** UPTAKE 


475 


THE EFFECT OF PITRESSIN AND I NOREPWEPHRINE 
ON Rb«‘ UPTAKE IN THE DOG HEART 



• contm d*f 
O <09 t«ciWvi( ^trttitn 
A nctMnf 


oo„ d". 


2oi340B060708090 
cf iftntnchs gm 



Fia 9 Tbr Eftkt or Pmmsm® ak® t. NoBmwtPinuwi; ow ntE Ob 
azBVtD IimriAL Mtocakoial Cleabancc ot Plabua Rb** (a) aw® the Ob 
SERVED Myocaioial Potabstum Toenover Rate (b) m Docs 


per ctnt of the mean during the Rb“ infusion 
while in the remaining 9 dogs the Rb”/K ratio 
declined as much as 22 per cent or increased as 
much as 33 per cent of the mean value In gen- 
eral these changes in plasma Rb**/K ratio Tscre 
assoaated with errors m estimated rates of dear 
ance and turnover that were in the expected di 
reebons as outlined above, but the quantitative re- 
lationships were not consistent enough to justify 
the application of corrections to the estimated ml 
ues Some variations in Rb**/K ratio were caused 
by changes in plasma Rb** concentration but fre 
quently the variations were due to changes m 
plasma potassium concentration which could not 
be detected dunng the expenmental procedure, 
Vanations m the quantitative relationship be- 
tween the mdioacti\nty obsen^cd by monitoring 
over the precordium and the actual myocardial 
concentration of Rb** was the major source of er 
TOT m estimations of the rates of dcarancc It 
IS apparent that such variations must be related 
to vanations m geometrj and heart sire and also 
to differences m the Rb** uptal'e of the other tis 
sues under the raotnlor in relation to that of the 
heart, Hov,c\er attempts to correlate the radio- 
activitj of the lung liver and musdes of the chest 
w'^W iMth \’anaUons in the relationship of myo- 
cardial Rb** concentration and prccordial radio- 
aclhitv v.cre unsuccessful The presence of tm 


portant amounts of slowly exchanging tissue 
under the precordml monitor would result in csti 
mated rates of turnover which would be con- 
sistently lower than obsened rates as was the 
case. Dissection of the animals after sacrifice 
showed that 10 to 20 per cent of the prccordial 
radioactivity was derived from skeletal musde 
which is knmvn to exchange slowlj (8) In two 
dogs in which the Rb*^/K ratio in the myocardium 
had nearly reached cquihbnura with that of the 
plasma after 90 minutes of Rb** mfusion there 
was still a continuing nsc m prccordial radio- 
activity These slowly exchanging components 
could not be separated from the myocardial com 
ponent in the anal) sis of the time course curve of 
the first denvathe of prccordial radioactivity 
although in theory this might be possible after ^ 
minutes of infusion of Rb** 

The duration of Rb** mfusion appeared to m 
flucncc estimates of the rates of Rb** uptake since 
infusions of IS minutes or less provided insuffi 
aent data for the separation of rapidlj cquili 
brating components and infusions of long dura 
bons ijr 90 minutes accentuated errors caused 
by slowl) exchanging components and \anations 
in the comparatu'c distribution of non-tracer ru 
bidmm and potassium 

The assumption that the nght and left \ cntnclcs 
had the same geometrical relationship to the mom 
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The rate at wbch Rb** enters the myocardium 
from the htood is dctenmned by the rate of coro- 
nary blood flow and by the kinebcs of potassium 
within the myocardium. In preparation for a 
study of the effects of disease on the rate of myo* 
cardial Rb“ uptake m man, a trial of methods was 
made m a senes of dogs Dunng this study the 
rate of Rb” uptake m scvenil regions of the heart 
of control dc^s was measured and the effects of 
1 norepmephnnc and Pitressm® on differences 
m regional Rb** uptake nerc determined smce 
these drugs respectively mcrcase and decrease 
overall coronary blood flow (I 2) 

liATESlALS and METHODS 

Detail* of the materials and methods used hare been 
described elsewhere (3) These data on Rb* uptake of 
different regions of the heart were obtained from the 
same dog* In -whKh precordlai monltonng vas carried 

OQt 

Mongrel dogi weighing 6J to 14 J Kg ^cre anes- 
thetired with lodimn pentobarbital and infused «rtr» 
Tcnously with Rb** at a continmnisly dccrearing rale for 
periods of 5 to 90 niioutc* In order to attain nearly 
comtanl level* of RV* in the plasma of arienal blood. 
The radioactivity of whole blood w’as monitored In a 
small external arteriO'Vcnous shunt from which samples 
were taken at 5 nuntrte intervals for determination of 
plasma Rb" and potassium concentration*. Frequent 
recording* of heart raU and mean arterial blood pres- 
ture Were made after IbO to 150 mg hepann Vad been 
given. Four dogs received a mean dotage of 2.5 rtgra. 
per Kg per mm. I-norepmcphrme mtmTcrKmtfy for 
30 minirtes and *ix dogs rectivtd a mean of 0065 pre* 
*or oiuts per Kg per min. Pltrcum® for a slndlar pe- 
riod. during which tone they alto reca\-cd Rb** The 
dogs were taenheed by rapidly opcidng the chest and 
removing the heart Specimens were obtained from 
several regions of the heart from the lung and liver and 

' Supported by the R. A Biliupt Fund for Research ra 
Heart Disease and aided by a U S Public Hcaflfi 
Service Grant, H 143 


from the ikeletal muscle of the pectoral region and 
spint. 

Specimens obtained from the hearts of 29 dog* vvere 
a* follow* full thieknc** of the left ventricle in the 
apical region, full thickne** of the left ventricle in the 
haiOar region, full thickness of the cnd-portlon of the 
interventricular septum a portion of the thickest part 
of the left Tcntricle divided approximatriy into outer 
middle, and inner thirds a similar specimen from the 
right ventricle divided into inner and outer halve*, and 
specimens of the foil ihicknes* of the right ventricSt and 
from both auricles. The Utter included the appendages 
and a portion of the adjacent wall of the oorieJe. The 
potassium and Rb* concentrations of all spedroens vrtre 
detennined after digesbon m HKO^ 

MBTHODS OP ANALYSIS 

The rationale of the methods of analysis and the de* 
tall* of the procedure hare been presented eUerwhere 
(3) It was assumed that Rb" traced potaisjum in the 
myocardiom that lh« individual portions of the myo- 
cardium could be cousidercd homogeneou* c om pa rtments 

TABtX 1 

Hftan potastium concentration of renews rcfiens of the 
hearts of JP control dots and lie mean miio of myocardial 
Rb^/K to plasma f?6”//ir of the same retions of the hearts 
of «fi/ dois socnlfcctf more IMW 72 hours after Ro** tnjedton 


Hrffaw et Uic rarocanllinn 

(StrewdW Rb*«/K 
+ Rf /k) 

xioait 

(UaUibrtani 

K. ctme. 
tnE< per Ks 

Mean of six »pcaiT«as 
from the left Ncntnclc 

106 1 ± 7J5 

82J rfc 4 5 

Outer third of left 
ventnde 

lOSO 

63J 

Middle third of left 
ventricle 

loss 

840 

Inner third of left 
ventnde 

1010 

80J 

Mean of three tpecimcns 
troTCi the right ventricle 

103J 

81 6 

Outer Half of nght 

Ventricle 

lOU 

S2.2 

Inner half of nght 
\entrKlc 

102 9 

809 

Rieht atrium 

1156 

59J 

Left atrium 

II4 1 

67a 
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6 These differences m the rate of Rb" uptake 
are bdici ed to be related to differences in the rate 
of effecti\e blood flow, although other factors 
ha\ c not been eliminated 
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5 The conccniratioo of high density hpopro- 
tdtis m obstructive jaundice ma> be predicted {rom 
knowledge of eitbcr the conccctration of the cbt>- 
leslcrol eaters or the total or uncslenfted choles 
lerol concentration logcUicr with Uic per cent of 
cholesterol cstended 
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6 These diftercnces in the rate of Rb" uptake 
arc bdie\ ed to be related to dificrences m the rate 
of cffecti\e blood floss, although other factors 
ha\ e not been eliminated 
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Net movement of potaisjum between cells and 
extra<^ukr flmd has been demonstrated £a a 
variety of expcnmcntal conditions by direct analy- 
sis of muscle by metabobe balmcc tcchraqaes a^ 
by racasurentent of differences m potassium con- 
centration m arterial blood and venous blood drain 
wg muscle It has for example been demon 
stated that potassium leaves muscle during exer- 
cise, anoxia, potassium dcplcfaon, and under the 
influence of aadosis and of adrenal cortical hor 
mones (1) 

The present study demonstrates that there are, 
fn addiUoD diurnal fluctuations m romcment of 
potassium between skeletal muscle and extra 
cellular fluid Net mo\ement of potassium be- 
tween plasma and muscles of the forearm has been 
detennmed m human subjects by a techmque 
which penmU contmuous momtonng of move- 
ment of potassium m relatively undisturbed muscle. 
Concentration of potassium is measured m arterial 
plasma and in venous plasma draining the deep 
forearm tissues. Plasma flow through ie forearm 
IS measured by the d>e-dilutioa method (2) The 
product of flow F and the difference m arteno- 
\*enous concentration A V defines 0 Ihe net 
quantity of potassium entering or leaving the fore- 
arm tissues per umt time. 

MffTnODS 

In ttvo sludits, Twenty-ooe male »ub;ect* (16 medical 
itodeaU and laboratory pcrwonel and five coovolciccnt 
ambulatory paucnls) were itodicd m the KjmI state 
between the hoars of 10 AAL and 1 PAL Three medical 

I This work was performed under a contract between the 
Oflicc of Naval Research, Departmeat of the Navy and 
The Johns Hopkins Unnrenity (NR 113-241) and was 
further supported by grants in aid from the NaUoaal In 
sntotes of Health, Dcpartnicnt of Health, Edneabon, and 
Welfare (A 750), and the lifTnciilar Dystrophy Associo- 
tiOQs of America, Inc 


students, including twi'o of the 21 subjects abo>e, wer4 
aitrt itsdied throughout the rugfat and morning boon,. 

from 10 P M to 11 AAf Studies of carbohydrate 
metabolUni in the flrst 13 of these subjects hare bra re4 
ported elsewhere (3 4) and subject numbers m those] 
papers correspond to those reported here. All snbjects, 
bod their lost meals between 6 and 7 PU and uere 
at rest for at least one hour before blood was sampled. 
The arm was supported comfortably and there was no 
overt aclinty of the forearm muscles during the period 
of study Blood from the hand was elnninated by in- 
fiatuig to above systolic pressure a culf about the wrist, 
applied five tmnutes prior to blood sampling Blood was 
collected in bepannlttd syringes metabolic inhibitors 
were not used. Consecutive pairs of artenovenous sam 
pics were obtained at 12 to 60 nmwte intervals. Process 
Ing of blood was as expedibous os pos s i ble. Immediate 
cestsifngaUoo of the blood samples was earned out for 
ten phuma was transferred and re-ceotrifaged 

twice. A few vuibly bemolyxed samples were i^scarded. 
Since 0i)5 per cent bemolysts can be detected visually the 
maximum mcreose in plasma potassium concentration 
resulting from undetected hemolysis was 0.02 mEq per 
L Handhng of samples for potassium analysis was 
earned cut at room temperature (25 C) to minimiie po- 
tassium and water shifts in erythrocytes (5) pnor to 
their separafloQ from plasma. 

Ih Vitro studiu, A sample of antecubital tcoous blood 
was obtained anaercbaciliy iQ ^ heparinized synnge. A 
drop of mercury was introduced and the sample was 
thoroughly nux^ Samples of blood were transferred 
anaerobically into duplicate tynnges. Into one of these, 
100 per cent O, was mtroduced, and into the other a 
mixture of 5i) to 64 per cent CO, m N> Gas volumes 
were vaned to obtain the desired range of gas coocen 
trahons in the blood samples. Syringes were capped and 
the blood and gas phases were equilibrated at room tern 
perature by rotatioa for ten minates. Gases were ex 
peiled and blood was then handled as m the m vivo stud 
ICS Hematocrit determinatioos (Wlntrobc) were per 
ionned in duplicate. Tubes were centnfuged for one 
hour at 1500 g and do correctioo was nude for trapped 
plasma. In some studies, concentrations of 0, and CO, 
were determined by the method of Van Slyke and NetU 
( 6 ) 

Potassium analysis. DnpUcatc or tnpUcatc dilatiOQS of 
plasma were mode and concentrations were measured 
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(SoWttoi for poUfcotton Julj- 5. 

\'ct mo.cmait of poa«--m “<1 

cdractUuEu- flmd hxi b«° demoastiafed m a 
>’anc^ of cxpcruncBtal conditions by direct amly- 
ju ofrausclr by metabolic balance techniques, and 
by OTcaiureracDt of differences m potassium con- 
centration in artcnal blood and venous blood dram 
tng musde It has, for example been demon 
stated that potassium leases muscle during exer- 
cise anoxia, potassium depletion, and under the 
mflucncc of aadosis and of adrenal cortical hor 
moncs (1) 

The present study demonstrates that there are, 
m addition diurnal fluctuations m movement of 
potassium between skeletal muscle and extra 
cellular fluid Net movement of potassium be- 
tween plasnu and muscles of the forearm has been 
detemuned m human subjects by a techmque 
which permits contmuous raomtonng of move- 
ment of potassium m relatively undisturbed muscle. 
Conccniration of potassium is measured m artenal 
plasma and m venous plasma draining the deep 
forearm tissues Plasma flow through the forearm 
IS measured by the dye-diiution method (2) The 
product of flow, F, and the difference in arteno- 
venous concentration A-V defines Q the net 
quantity of potassium cnlcnng or leaving the fore 
arm tissues per unit tune. 

METHODS 

fn wio jludtes Tvicity*<me male subjects <16 medical 
itudcnti and laboratniy pcrioGftd and five coovalcsccot 
amimlalory pauenu) were studied in the basal state 
bcUcen the boars of 10 AM and 1 P.M- Three medical 

‘ Thu u ork -vzi performed under a contract bctv,eett the 
Office of bia\-al Research, Department of the Navy and 
The Johns Hopkuu Univemty (NR 113-241) and vnM 
{arthcr supported by grants m Md from the Nauonai In 
sbtutes of Health, Department of Health, Pdniatinn 
Wcl^re (A 750) and the Muscular Dystrophy Associa 
tions of AmeTKa, Inc 


10s6 accepted January 24 1957) 

ttodenu uxJadmg t»o of the 21 lubitcts abore, wj 
also studied throughout the night aod moemog bounv 
it from 10 P M, to U AAL Studies of carijohydcai 
metahcdlsm in the first 13 of these subfecti have fyen re 
ported elsewhere (3 4) and subject uombers la iw 
papers correspond to those reported here. All subject 
had thar last meals between 6 and 7 PAL and wen 
at rest for at least ooe hoar before bkiod was samplaX 
Tltt arm vos supported comfortablj and there was no 
overt activity of the forearm muscles during the periM 
of study Blood from the hand was frllmirgtfd bf lo^ 
fiating to above systolic pressure a enff about the tviist, 
applied five minutes prior to blood sampling Blood was 
oilccted m bepanniicd syringes metabolic lohibhon 
were not used. Consecutive paira of anerioTtnoas sam 
pies were obtained at 12 to 60 mmole loierrals. Process- 
ing of blood was as expcdibous as possible. ImmediaU 
centrifoganoo of the samples was corned cut foe 
\m mmutes, plosraa vu transfeseed and r^oentrUugeii 
twice. A few visibly hexnolyted samples were discarded. 
Since dOS per cent hemolyiis can be detected vtiuoUy the 
maxunum increase In plainn potassium concentnitioo 
resniting from undetected hemolysis was OUZ m£ip per 
L. Handling of samples for potassium analysis vos 
corned out at room temperature (25* C) to minlmite po- 
tassium and water shifts la erythrocytes (S) prior to 
thar septrabOG from plasoo. 

In Vitro sludut A sample of antecubital venous blood 
was obtained anaerobically In a beparioixed syringe. A 
drop of mercury was mtroduced and the sample was 
thoroughly mixed. Samples of blood were tranifenrd 
anaerobtcally mto duplicate synnges. Into one of these, 
100 per cent O, was mtroduced, and into the other o 
mixtare of 5 0 to A4 per cent CO, m N* Gas volumes 
were vaned to obtain the desired range of gas concen- 
trations in the blood samples. Syr in ge s were capped and 
the blood and ga s phases were equiHbrated at room tem 
perature by rotation for ten mmute*. Gases were ex 
pelled blood was handled as m the in vtvo stud 
les. Hematocrit dctenmnations (Wintrobe) were per 
formed la duplicate. Tubes were centrifuged for one 
hour at ISOO g and no correction was made for trapped 
plasma. In some studies coocentratiocis of O, and CO, 
were by the method of Van Sfyke and Kciil 

( 6 ) 

Polornum oaaJyiir thipHcate or triplicate dilutions of 
plasma were made and coaccntraboni were measured 
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Net movement of potassium between ceR? and 
extracellular fluid has been demonstrated in a 
variety of experimental conditions by direct anal>- 
sis of muscle, by metabohe balance techniques, 
by measurement of differences m potassium con 
ccntration m arterial blood and venous blood dram 
mg muscle It has for example been demon 
slated that potassium leaves muscle during exer 
CISC anoxia, potassium depletion and under the 
influence of aadosis and of adrenal cortical hor 
mones (1) 

The present study demonstrates that there arc, 
m addition diurnal fluctuations m movement of 
potassium between skeletal muscle and extra- 
cellular fluid Net mo^elnent of potassium be- 
hveen plasma and muscles o£ the forearm has been 
determined in human subjects by a technique 
which permits continuous monitoring of move- 
ment of potassium m relatively undisturbed muscle. 
Concentration of potassium is measured m artenal 
plasma and in venous plasma draimng the deep 
forearm tissues Plasma flow through the forearm 
IS measured by the dye-dilution method (2) The 
product of flow F and the difference m arteno- 
venous concentration A-V defines the net 
quantity of potassium entenng or leaving the fore- 
arm tissues per umt time, 

METHODS 

In 1110 studies. Tv.enty-ooc male subject* (16 medical 
students and laboratory personnel and five convalescent 
ambulatory patients) were ittidicd In the basal state 
betMiCcn the hour* of 10 AM and 1 P M. Three 


" This u-ork v.-a* performed under a cootract between the 
Office of Na>-al Research, Department of the Navy and 
The Johns Hopldn* University (NR 115-241) and wa» 
further supported by grants in-aid from the National In 
stltutc* of ifealth. Department of Health, Education, and 
WelLre (A 750), and the Muscular Dystrophy Assoaa 
Uoos of America, Inc. 


students, including two of the 21 subjects above, were 
also studied throughout the night and morning hours 
tjc from 10 PM- to 11 AAf Studies of carbohydrate 
metabolism in the first 13 of these subject* have been re- 
ported elsewhere (3 4) and subject number* in those 
papers correspond to those reported here All subjects 
had their last meal* between 6 and 7 PAL and were 
at rest for at least one hoar before blood was sampled. 
The arm was supported comfortably and there was no 
overt activity of the forearm muscles dunng the period 
of study Blood from the hand was chminated by in 
flating to above systobc pressure a cuff about the wrist, 
applied five minutes pnor to blood samplmg. Blood was 
collected in hcparmiitd syrmges metabolic mhibitor* 
were not used. Consecutive pairs of arteriovenous sam 
pies were obtained at 12 to 60 minute mtervals. Process 
Log of blood was as ccpeditiouj as possible. Immediate 
catrifugahcai of the bl^ samples was carried oul for 
tm minutes, plasma was transferred and re-centrifuged 
twice. A iew tufbly hentiolyted samples were discarded. 
Smee 0 05 per cent hemolysis can be detected viually the 
nuuimum Increase in plasma potassium concentration 
resulting from undelcctei hemolysis was 0J3Z mEq per 
L. Handimg of samples for potassium analysis was 
carried out at room temperature (25 C) to mimmiic po 
taydmn and watcT shifts m erythrocytes (5) prior to 
thmr separahoo from plasma. 

In vitro studies A sample of antecubital vokius blood 
was obtained anaerobically in a heparimzed synnge. A 
drop of mercury was introduced and the sample was 
thoroughly mcced Samples of blood were transferred 
anaerobically into duplicate syringes. Into one of these, 
100 per cent Oi was Introduced, and into the other a 
nuxtnre of 5.0 to 6.4 per cent CO, in N> Gas volumes 
were vaned to obtain the desired range of gas concen 
trations m the blood samples. Syringes were capped and 
the blood and gas phases were equiUbrated at room tern 
perature by rotaboo for ten minutes. Gases were ex 
pelled and blood was then handled as in the in tnxfo stud 
its. Hematocrit determinations (Wmtrobe) were per 
formed m duplicate. Tubes were centrifaged for one 
hour at 1500 g and no correcbofi was made for trapped 
plasma, In some studies, concentraUoos of 0 and CO 
were determined by the method of Van Slyke and Neill 
( 6 ) 

Potassium analysu Duplicate or tnpbcate cfiluUons of 
plasma were made and concentraboos were measured 
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Net movement of potassium between cells and 
extracellular fluid has been demonstrated in a 
■vancty of experimental conditions b> direct analy- 
sis of muscle, by metabolic balance techmqucs, and 
by rocasurenicnt of differences in potassium con- 
centration m arterial blood and venous blood dram 
mg muscle It has for example, been demon 
stated that potassium leaves muscle dunng exer- 
cise, anoxia , potassium depletion, and under the 
influence of acidosis and of adrenal cortical hor- 
mones (1) 

The present study demonstrates that there arc, 
m addition diurnal fluctuations in movement of 
potassium between skeletal muscle and extra 
cellular fluid Net movement of potassium be- 
tnccQ plasma and muscles of the forearm has been 
determined in human subjects by a techmque 
which permits continuous monitoring of move- 
ment of potassium in rclatn cl> undisturbed muscle. 
Concentration of potassium is measured in artenai 
plasma and m venous plasma draining the deep 
forearm tissues Plasma flow through the forearm 
IS measured by the dyc-dflution method (2) The 
product of flow F, and the difference m arterio- 
venous concentration, A V, defines the net 
quantity of potassium entenng or leaving the fore- 
arm tissues per umt tune, 

METHODS 

I» ViVo siudtet Tucoty-one male subjects (16 medical 
students and laboratory personnel and five convalescent 
ambalalory patients) Mere studied in the state 

between the hours of 10 A-M and 1 PAL Three nwNUral 

^ This work, was performed under a contract between the 
Office of Naval Research, Department of the Navy and 
The Johns Hoplons University (NR 113-241) and was 
further supported by grants m aid from the National In 
fUtutes of Health, Department of Health, Edocatioo, and 
Welfare (A 750) and the itnscular Dystrophy As&oaa 
tioDS of Aracrfca, Inc. ^ 


students indndmg two of the 21 subjects above, were 
stadied throughout the mght and monung hours 
{.c., from 10 P IL to 11 AAI Studies of carbohydrate 
metabolism m the first 13 of these subjects have been re- 
ported elsewhere (3 4) and subject numbers m those 
papers correspond to those reported here. All subjects 
bad thfir last meals between 6 and 7 PM, and were 
at rest for at least one hoar before blood u-as sampled. 
The ann was supported comfortably and there was no 
overt activity of the forearm muscles durmi the period 
of study Blood from the band was eliminated by m 
flating to above syslohc pressure a cuff about the wrut, 
applied five minutes pnor to blood saropUng Blood was 
collected m hepannited synnges metabolic inhibitors 
were not used. Coasecutive pairs of artenovenous sam 
pies Mere obtained at 12 to 60 minute intervals. Process 
mg of blood was as expedihoui as possible. Immediate 
ceotnfagalsoo of the blood samples iras earned oat for 
ten mmutes, pt=>*ma was transferred and re-centnfuged 
twice. A few visibly hemolyied samples were discarded. 
Smee 0.05 per cent hemolysis can be detected visually the 
maximum increase m plasma potassium concentration 
resulting from undetected hemolysis was 0,02 mEq per 
L. HanHlmg of Samples for potassium analysis was 
earned out at room temperature (25 C) to tmnimiic po- 
tassium and water shifts in erythrocytes (5) prior to 
their separahoo from plasma. 

/» vitro itudas* A sample of antecubital venous blood 
was obtained anaerobically in a hepannized syringe. A 
drop of mercury was introduced and the sample was 
thoroughly mnted. Samples of blood were transferred 
anaerobically into duplicate synnges. Into one of these, 
100 per cent O, was mlrodoced, and into the other a 
mixture of 5 0 to 6.4 per cent CO, m N^ Gas volumes 
were varied to obtain the desired range of gas concen 
trations m the blood samples. Synnges were capped and 
the blood and gas phases were equilibrated at room tern 
pcrahire by rotation for ten minutes. Gases were cx 
pelled and blood was then handled as m the m two stud 
ies. Hematocrit dctermlnalioos (Wintrobc) were per 
formed m duplicate. Tubes were cenlnfuged for one 
hour at 1500 g and no correction was made for trapped 
plasma. In some studies, concentrations of O, and CO, 
were determined by the method of Van Slyke and Nall 

(<S) 

Fotomwin analysis Duplicate or triplicate dilutions of 
phmu were made and concentrations were measured 


723 






,^SC^ 


St 












'^Gttt* 
zvs^ 


go^' 








B-J 


Th« 


joti"* 




^proi" 


the 


of En^<'Ho‘f''“' 
pcK'"^ OKrt^*’ ° , s \956 

lot , ,»' 

IS'S^"' ^ rtS\5 »'*“ 


lOteff’ 


ite4 


5toO»^ 


2* 


19SI1 


-« *«bv 


,ec» *. ItoOt* 








«tte 


VieeS- Alt'** ''”^nA oortt* 14 bol**^ bcSot' „a iSi'*' t<AoA 

tSTl”*^ til-**'?. dnii^^L 


.vei*'' 


c^toSV®'^ 
- Bas 


E15 


W 


oit 

ttiea' 


.suf^' 


LCtlt ' 


ia\ 


\,\ooA 


be®* 


■attOt" 


,oscl' ' 


att'ti*' . ^ 

■s-i'rir?«»r»“-''^ . 

iii»^ 


eJitt- 


O'**” .!io Aot'”®,^ tJie 


iia'i'^ 

,ca\ '**'^ 


AY 

of 


»<»" \ boot a*“ :„ Alt t' 


oias 




aiiios 




•- 0^' ijVe* , vScpoA *ve B'o'^.r^clteA ^eie 4i^ *e 


nloolO 






,ej uv»' ^ei\t *'" »"=■ J blooo -- o.e>‘ -^\j *' 


P°' 


loial subl''*^ .Vl^Dg tt^a'^^iove^ieovt"" ert***^ .. 1, 

catf .oA 




Aott*”" 

ttVat" ^ 


^ ^t3 W * J ttio^”" 




tivc 


de«9 


V'*^s,uii' '*■ "‘Trtttviag ‘■;„rt3itt» 


VO" 
w 


4j»510 




.AOO 


ItOIO 




^t -- ...dfri- 
lof' "ooA*®' 






Coti"’ 

■fjs 


AtoV ^^. toiatA- uc»w jjiA 

'‘^'’ to' 

»t»"”!;'ctt't 


AS*^":' Ai5'*^''<i 'JA' ^ 


vet" 


.oaa 


cc’ 


qoat" 

attti 


lOCO" 

of 9°' 


iVlfll 




itaeto' 

:t "A* 


eat'’ 


:tit'6' 


r\ea'' 




\ttlO 

w> 




\oo «< so w ’ 


'"‘‘'■cot-'”. 

>Pt>tA’^ 


'>A' ^loto'* 


Vt! ^J^A "^vrtte 4«o 

,^*toi9'« -oete ^ 






9^ 




aot>5 


.\ 

\n 


0 .^. •S^Sc^Bri'esss 






la 






jin’ 





_ toa^'ilO 
>totott_l^rt o' 


Tbl*"*' ^ W-ot*' loioto';; 




.tiota ^A f 


.oBoa'' 


I'rto’TXij^il I"'- Goii 


to** 




^oC- 


(f>) 

jtlltol 

113 






taea^ 


vVt'to^ J^oxtica. 
Aoa'f' 



722 


ROBERT H FURMA’J AND LOYAL L CONR.\D 


24 Chajkoff, I L., Bloom, B , Siperstein, il D , Kiyasu, 

J Y , Remhardt, W O , Daubtn, \V G , and 
Eastham, J F, C-14 cholesterol L Lymphatic 
transport of absorbed cholesterol-4-C-14 J BioL 
Chera., 1952, 194, 407 

25 Friedman, M , and Byers, S O , Observations con- 

cermng the production and excretion of cholesterol 
m mammals XVI The relationship of the Over 
to the content and control of plasma cholesterol 
ester J Clin. Invest, 1955, 34, 1369 

26 Barclay, M , Cogin, G E., Escher, G C , Kaufman, 

R. J , Kidder, E. D , and Petermann, if L., Hu- 
man plasma lipoproteins I In normal women 
and in women with advanced carcmoma of the 
breast Cancer, 1955, 8, 253 

27 Kaufman, R J , Barclay, if , Kidder, E. D , Escher, 

G C, and Petermann, if L,, Human plasma hpo- 
proteins II The effect of osseous metastases m 
patients with advanced carcinoma of the breast 
Cancer, 1955, 8, 888 

28 Furman, R. H, Atherosclerosis and lipoproteins 

South. M J, 1955, 48, 6 ^ 

29 Entenman, C, Neve, R. A, and Olmstead C- A-i 

Species differences m plasma p/iosphohpid levels 


as influenced by whole body x irradiation. Federa- 
tion Proc., 1953, 12, tO 

30 Milch, L. J , Yamell, R. A., Stinson, J V , and the 

Cardiovascular Research Group, Relationship be- 
tween blood lipids and radiation mjury m rabbits. 
Saence, 1954, 120 713 

31 Mirand, E, A., and Hoffman, J G , Protective actios 

of estrogens given after radiation dose. Radiatios 
Res , 1954, 1, 554 

32 Mirand, E. A , and Lasser, E. C, Hormonal modifi- 

cation of tissue reactions to lonizmg radiation 
Exp Med. &. Surg , 1955, 13, 234 

33 Rugh, R., and Clugston, H, Radiosensitivnty witf 

respect to the estrous cycle in the mouse. Ratiation 
Res 1955, 2, 227 

34 Hugh, R., and Wolff, J., RclKion of gonad hormones 

to N irradiation.-'''^'P''nty in mice. Proc. Soc 
j.or iS. Med., 1956, 92, 408. 

35 A , On the "probable error” of a coefficient 
of correlation deduced from a small sample. Me- 
tron, 1921, 1, 3 

36 Lewis, L. A , The lipoprotein system. Mmnesob 

Med., 1955, 38, 775 
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DURING THE NIGHT ^ 
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Net movement of potassium between cells and 
extracellular fluid has been demonstrated in a 
variety of expenraental conditions by direct analy- 
sis of muscle by metabolic balance techmqucs, and 
by measurement of differences in potassium con- 
centration in artenal blood and venous blood dram 
ing muscle. It has for example, been demon- 
stated that potassium leaves muscle during exer- 
cise anoxia, potassium depletion, and under the 
influence of aadosis and of adrenal cortical hor- 
mones (1) 

The present study demonstrates that there arc, 
m addition, diumal fluctuatioai m movement of 
potassium between skeletal muscle and extra- 
cellular fluid Net mo\*ement of potassium be- 
tween plasma and muscles of the forearm has been 
determined m human subjects by a technique 
which permits continuous monitonng of move- 
ment of potassium m relatrvel) undisturbed muscle. 
Concentration of potassium is measured In artenal 
plasma and m venous plasma drammg the deep 
forearm tissues Plasma flow through the forearm 
IS measured by the dye-dilution method (2) The 
product of flow F and the difference m arteno- 
venous concentration, A-V, defines the net 
quantit) of potassium entering or leavmg the fore- 
arm tissues per umt time. 

SIETnODS 

In VMO sladtes Twenty-one male inbjects (16 medkal 
stodcnti and laboratory perao nn cl and fire convalescent 
mmbclatory paUcnls) were »ti»dled In the basal state 
between the hours of 10 AAL and 1 PAf Three medical 

I This work was performed under a contract b e twee n the 
Office of Naval Research, Department of the Navy and 
The Johns Hoplons Umrerslty (NR 113 241) and vras 
furtbtf supported by fnmtsnn aid from the National In 
sfatutes of Health, Department of Health Education, and 
Welfare (A 750) and the ifuscular Dystrophy Assoaa 
tions of America, Inc. 


students, Inclodlnj two of the 21 subjects above, were 
also studied throughout the night and morning hours 
from 10 PM to U AM Studies of carbohydrate 
metabolism in the first 13 of these subjects hare been re- 
ported elscwbere (3 4) and subject numbers m those 
papers correspond to those reported here. All subjects 
bad their last meals between 6 and 7 PM and were 
at rest for at least one hour before blood was sampled. 
The arm was supported comfortably and there xras no 
overt activity of the forearm muscles during the period 
of study Blood from the hand was eliminated by In 
flahng to abort systolic pressure a cuff aboot the WTist, 
applied five mlcrates prior to blood sampling. Blood was 
collected in htpannlxcd syringes roeUboUc Inhibitors 
were not used. Consecutive pairs of arteriovenous sam 
pies were obtained at 12 to 60 mmute intervals. Process 
isg of blood was as expeditious as possible. Immediate 
centnfagation of the blood samples was earned out for 
ten minutes, plasma was transferred and re-centnfuged 
twice. A few visibly hemolyied samples were discarded 
Since 0-05 per cent heroolym can be detected visually the 
maximum increase in plasma potassium concentration 
resnltfaig from undetected hemolysis uas OJ32 mEq, per 
L. Handling of samples for potassimn analysis was 
earned out at room temperature (25 C) to mlnimlie po- 
tassium and water shifts in erythrocytes (5) prior to 
their separation from plasma. 

In fifro stadies A sample of antecuHtal venous Wood 
was obtained anaerobically m a hepannired sjnnge. A 
drop of meremy was introduced and the sample was 
thoroughly mixed. Samples of blood were transferred 
anaerobically into duplicate synngei. Into one of these, 
100 per cent 0> was Introduced, and into the other a 
mixture of SJ3 to 6 4 per cent CO, In N,. Gas volumes 
were varied to obtam the desired range of gas concen 
trations in the blood samples. Syringes were capped and 
the blood and gas phases were equilibrated at room tern 
peralnre by rotation for ten minutes Gases were ex 
pellcd and blood was then handled as in the in tvt a stud 
id. Hematocrit determinations (Wlntrobe) were per 
formed In dnpUcate. Tubes w^cre centrifuged for one 
hour at 1500 g and no correction was nude for trapped 
plasma. In some studies, coocentratlofis of 0 and CO, 
were determined by the method of Van Slylce and Ndll 
( 6 ) 

PolassTum analysu Duplicate or triplicate dilutions of 
plasma were nude and concentrations were measured 


723 



724 


R ANDRES, G CADER, P GOLDMAN, AND K L ZIERLER 


wth the Beckiran Model DL flaire photometer The 
preastOR of the araljsis is as follous the standard error 
o the csDmate of the mean concentration from dupli- 
cate analvses o^ a single blood sarnple is 0 04 mEq per 
L, The ‘tandard error of the esnmate of a single arteno- 
\enou5 difference then is 0 06 mEtj per L. for samples 
diluted in duplicate. On the average, three pairs of ar- 
terial and tenous samples were obtained from each 
subject in the basal state and onK the mean of these 
multiple samples is reported. In general the standard 
error (anaU-tical) of the estimate of mean A-V differ- 
ence to be presented for each subject in Table I is 003 
mEq per L. For the entire senes of 21 subjects the 
standard error of the estimated oscrall mean A-V dif- 
ference 15 less than 0 01 mEq per L. 

RESULTS 

Potassium mozcmcnt in the basal state 

Sixtj-fite indmdual A-V differences t\ere ob- 
tained m 21 subjects studied 16 to 19 hours post- 

TABLE I 


Mcrement of potassium in the basal state * 


Sobiect 

Nnintw 
of polrt 

Ac 

nJb: /L, 

(A V)K 
/L, 

mEc /mtn /JOO 
fartem 

1 

6 

4 36 

-031 

-0 88 

2 

6 

4 19 

-0 46 


3 

6 

4 07 

-0 IS 


4 

3 

3 90 

-0 23 

-0 50 

5 

3 

4 28 

-0 01 


6 

3 

390 

-0 23 

-0 37 

7 

2 

3 77 

-0 16 


8 

1 

3 82 

-0 14 

-0 17 

9 

1 

3 72 

-0 03 

-0 10 

10 

1 

4 49 

-0 38 

-0 83 

11 

3 

4 51 

-0 10 


12(C) 

2 

3 91 

-0 07 

-0 18 

13 (K) 

3 

404 

-009 

-0 17 

14 

3 

4 14 

-0 96 

-2 19 

IS 

3 

3 89 

-0 44 

-1 86 

16 

3 

4 03 

4-0 01 

4-0 11 

17 

3 

3 98 

-064 

-2 69 

18 

4 

3 94 

-0 28 


19 

3 

3 65 

4-0 23 

4-0 54 

20 

3 

404 

-0 16 

-0 21 

21 

3 

3 95 

-0 19 

-0 43 

Mean 

3 

4 03 

-0 229 

-0 662 

SD 


0 233 

0 253 

0 902 

SE M 


0 051 

0 055 

0 233 


* Ak is the concentration of potassium in artenal plasma 
{A—V)k 13 the artenovenous difference in plasma concen- 
tration of potassium ^)k is the calculated net potassium 
movement, the minus sign mdicates that net mov'ement 
was from muscle to plasma Values in each column are 
the means for each subject Plasma flow was not succcss- 
fullv measured in six subjects (see Reference 2), and 
for each of these was therefore not calculated S D is the 
standard devaation and S E M is the standard error of 
the mean 


TABLE n 


Mo-emert of po'assium during the night * 







(5k 

m£c /mitt / 




Ac 

<A VlK 

JOO ml 

Samp!e 

Time 

mE^ fV, 

m£^ fL 

forearm 

Subject C 

1 

n 43 PM 

3 91 

-0 32 

-0 89 


2 

1-00 A M 

391 

4-0 03 

4-0 08 


3 

2-00 

4 17 

4-0 35 

4-1 12 


4 

3-00 

3 86 

-0 09 

-0 25 


5 

5-00 

3 81 

-0 09 

-0 40 


6 

7-00 

388 

-0 04 

-0 07 


7 

9-00 

384 

-0 17 

-0 42 


8 

10-00 

390 

-0 03 

-0 13 


9 

11-00 

3 92 

-0 11 

-0 23 

Subject K 

1 

11.53 PM 

3 93 

-0 12 

-0 23 


2 

1-00 AM 

3 95 




3 

2-00 

3 94 

4-0 01 

4-0 02 


4 

3 30 

3 92 

-0 02 

-0 04 


5 

5-00 

3 89 

-0 11 

-0 17 


6 

6J0 

4 16 

-0 06 

-0 07 


7 

8-00 

4 17 

4-0 02 

4-0 04 


8 

10 13 

4 03 

-0 09 

-0 18 


9 

10 35 

400 

-0 09 

-0 17 


10 

11-02 

4 10 

-0 09 

-0 17 

Subject N 

1 

10-00 P M 

3 86 

-0 31 



2 

11.30 

3 84 

4-0 10 



3 

1-00 AM 

3 76 

4-0 W 



4 

3 00 

3 82 

4-0 05 



5 

5-00 

3 90 

4-0 04 



6 

7-00 

3 86 

4-0 02 



7 

8-00 

3 82 

4-0 01 



8 

9-00 

3 90 

4-0 12 



• See legend to Table I for explanation of symbols 


prandially In only seven samples was the artenal 
concentrabon higher than the venous The mean 
A-V difference m 19 of the 21 subjects was nega- 
bve, the grand mean being — 0 23 mEq per L 
(Table I) The net loss of potassium from bssue 
to blood in 15 subjects averaged 0 66 fiEq per min 
per 100 ml forearm bssue Q can be calculated 
in terms of forearm muscle by mulbplymg 0 66 by 
4/3 (see Reference 3), givnng a mean loss of 0 88 
jiEq per mm per 100 g forearm muscle 

Potassium movement during the night 

Results on the three subjects are given m Table 
II and Figure 1 Measurement of plasma flow 
was made in subjects C and K but was unsuccess- 
ful in subject N (2) It appears that between the 
hours of 1 and SAM there is no net movement 
of potassium, the overall mean and median A-V 
difference dunng this bme being -F 0 01 mEq per 
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Fii:l 1 Tntt Coume or AKraaomcoot DiTTrowcE m Plasua Pcttassjum 
CbiraufTSATioN 

C, K aod N refer to wbject* followed dtmng the roght BUdc dots r t pre> 
tent all A V dlffercncet obtained io roncteen additional tobjectt ttndied only 
between 10 A^iC and 1 P^f 


and only one of the 15 A V differences lies out 
side the range expected from analytical error alone 
These results arc m contrast to the larger senes 
of results obtained dunng the late morning hours 
In the fen observations made pnor to 1 
there seems also to be real loss of potassium from 
the forearm 

In summaiy the general trend is one of potas 
Slum loss from muscle pnor to 1 A M little or no 
net movement dunng most of the lught then ra- 
creasing potassium loss in the later mormng hours. 

Evidence that the observed A V di^crniccs »n po- 
tassium concentration represent net movement 
of potassium bettveen forearm muscle and blood 

1) Transiently negative A-V differences might 
be observed if the concentration of potassium m 
arterial plasma were faUing durmg the penod of 
study with consequent net diffusion of potassium 
from mterstitial fluid into capillanes However 
only very minor fluctuations m concentration of 
artenal potassium occurred and there was no con 
sistcnt directional trend On the average the con 
cenlration decreased 0004 niEq per L. ±0018 
(S^M ) m consecutive samples 


2) Since potassium escapes from anoxic muscle 
(7), It was necessary to demonstrate that no leak 
of blood from ischemic hand tissues distal to the 
pressure cuff at the wnst occurred Evidence that 
there was no such leak has been prcMouslj pre- 
sented (3) 

3) The chief source of the potassium added to 
venous blood might be forearm tissues other than 
muscle that is skin tendon or bone The place- 
ment of the venous catheter deeply into the forearm 
muscle mass mmimuces possible contnbuUon from 
skm Of the potassium m the remaining tissues 
there is probably 20 times as much in muscle as 
there is in bone and tendon combined if concen 
trabons m human tissues are similar to those m the 
rat (8) Nevertheless a portion of the observed 
potassium loss ma> be from tissues other than 
muscle 

4) /n Vitro studies of net potassium and water 
movement between blood cells and plasma were 
made to examine the possibility of significant shift 
of potassium of water or of both other (a) in 
the arm as arterial blood becomes venous or (b) 
in shed blood during the sci'cral minutes which 
elapse before cells arc separated from plasma. 
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wnth ihc Beckman Model DIj flame photometer The 
precision of the analrsis is as {ollov\-s the standard error 
of the estimate of the mean concentration from duph- 
cate anairscs of a single blood sample is 0 04 mEq per 
L. The standard error of the estimate of a single arteno- 
lenous difference then is 0 06 mEq per L. for samples 
diluted in duplicate. On the average, three pairs of ar- 
terial and %cnous samples were obtained from each 
subject in the basal state and onl> the mean of these 
multiple samples is reported. In general the standard 
error (analytical) of the estimate of mean A-V differ- 
ence to be presented for each subject m Table I is 003 
mEq per L. For the entire senes of 21 subjects, the 
standard error of the estimated oierall mean A-V dif- 
ference IS Ie.ss than 0 01 mEq per L. 

RESULTS 

Potassium movement tn the basal state 

Sixt}-fi\e indmdual A-V differences were ob- 
tained in 21 subjects studied 16 to 19 hours post- 

TABLE I 


Movement of potassium in the basal state * 


Subject 

dumber 
of pairs 

Ax 

//« 

XJl 

in 

/lEi /min /lOO 
ml ferterm 

1 

6 

4 36 

-0 31 

-0 88 

2 

6 

4 19 

-0 46 


3 

6 

4 07 

-0 15 


4 

3 

3 90 

-0 23 

-0 50 

5 

3 

4 28 

-0 01 


6 

3 

390 

-0 23 

-0 37 

7 

2 

3 77 

-0 16 


8 

1 

3 82 

-0 14 

-0 17 

9 

1 

3 72 

-0 03 

-0 10 

10 

1 

4 49 

-0 38 

-0 83 

11 

3 

4 51 

-0 10 


12(0 

2 

3 91 

-0 07 

-018 

13 (K) 

3 

404 

-009 

-0 17 

14 

3 

4 14 

-0 96 

-2 19 

15 

3 

3 89 

-0 44 

-1 86 

16 

3 

4 03 

+0 01 

+0 11 

17 

3 

3 98 

-064 

-2 69 

18 

4 

3 94 

-0 28 


19 

3 

3 65 

+0 23 

+0 54 

20 

3 

404 

-0 16 

-0 21 

21 

3 

3 95 

-0 19 

-0 43 

Mean 

3 

4 03 

-0 229 

-0 662 

S D 


0 233 

0 253 

0 902 

SEM 


0 051 

0 055 

0 233 


* Ak is the concentration of potassium in arterial plasma 
(A — XOk is the artenovenous difference in plasma concen- 
tration of potassium Qk is the calculated net potassium 
movement the minus sign mdicates that net movement 
wras from muscle to plasma Values m each column are 
the means for each subject Plasma flow was not success- 
fully measured in sue subjects (see Reference 2), and Ok 
for each of these was therefore not calculated S D is the 
standard devnation and S E M is the standard error of 
the mean 


TABLE 11 


Movement of potassium during the night * 






ds 





/mtn / 



Ac 

(A V)s 

I'OOmI 

Sample 

Time 

mEc /i- 

rnEq /l^ 

forearm 


Subject C 


1 

11 43 PM 

3 91 

-0 32 

-0 89 

2 

1-00 AM 

3 91 

+0 03 

+0 08 

3 

2-00 

4 17 

+0 35 

+ 1 12 

4 

3-00 

3 86 

-0 09 

-0 25 

5 

5-00 

3 81 

-0 09 

-0 40 

6 

7-00 

3 88 

-0 04 

-0 07 

7 

9-00 

3 84 

-0 17 

-0 42 

8 

10-00 

390 

-0 03 

-0 13 

9 

11-00 

3 92 

-0 11 

-0 23 

Subject K 

1 

2 

11 53 PM 
1-00 AM 

3 93 

3 95 

-0 12 

-0 23 

3 

2 00 

3 94 

+0 01 

+0 02 

4 

3 30 

3 92 

-0 02 

-0 04 

S 

S-00 

3 89 

-on 

-0 17 

6 

6 30 

4 16 

-0 06 

-0 07 

7 

8-00 

4 17 

+0 02 

+0 04 

8 

10 13 

4 03 

-0 09 

-0 18 

9 

10 35 

400 

-0 09 

-0 17 

10 

11-02 

4 10 

-009 

-0 17 

Subject N 

1 

10-00 P M 

3 86 

-0 31 


2 

11 30 

384 

+0 10 


3 

1-00 AM 

3 76 

+0 04 


4 

3-00 

3 82 

+0 05 


5 

5-00 

3 90 

+0 04 


6 

7-00 

3 86 

+0 02 


7 

8-00 

3 82 

+0 01 


8 

9-00 

390 

+0 12 



* Sec legend to Table I for explanation of symbols 


prandially In only seven samples was the artenal 
concentration higher than the venous The mean 
A-V difference m 19 of the 21 subjects was nega- 
tive, the grand mean being — 0 23 mEq per L 
(Table I) The net loss of potassium from tissue 
to blood m 15 subjects averaged 0 66 j«Eq per mm 
per 1(X) ml forearm tissue Q can be calculated 
m terms of forearm muscle by multiplying 0 66 by 
4/3 (see Reference 3), giving a mean loss of 0 88 
/lEq per mm per 100 g forearm muscle 

Potassium movement during the mght 

Results on the three subjects are given in Table 
II and Figure 1 Measurement of plasma flow 
was made in subjects C and K but was unsuccess- 
ful in subject N (2) It appears that between the 
hours of 1 and SAM there is no net movement 
of potassium, the overall mean and median A-V 
difference dunng this time being -f 0 01 mEq per 
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potassium shift m the tn vttro studies both quan 
titativcly very small 

VejK>us plasma conccntmUons, as measured in 
the forcann cxpenments might be corrected for 
possible mcpiCiTients of ivater and potassium be 
tween erythrocytes and plasma by subtracting 0 03 
mEq per L However m view of the fact that a 
water shift has been shonm not to occur in the 
in vrro expcnments, there is some justiBcatioii 
for not correcting for that portion (60 per cent) of 
the in vitro potassium A-V di6ferencc which can 
be attributed to a water shift. The correction 
then would be only 0 01 mEq per L., a value so 
small that it was deemed inadvisable to carry out 
any correction 

From these in vitro experiments it cannot be 
stated whether these erythrocyte-plasma exchanges 
occurred during passage of blood through the ann 
or during the handling of the shed blood 

DISCUSSION 

These studies demonstrate that, in addition to 
factors described previously as mfluenang trans- 
ccllular movement of potassium there is a net 
loss of potassium from skeletal muscle to extra 


cellular fluid m the late morning hours During 
the night there appears to be no net movement 
so that in the 12 hours of the 24 included m tMs 
study there is an overall loss of potassium from 
musdc Restitution has not been demonstrated 
It IS likely that this occurs with potassium in 
gestion m food 

The raonung loss of potassium from rnuscle 
averages 0 88 ^lEq per rain per 100 g muscle, or 
0^ per cent of the intracellular potassium per 
hour If extrapolation from forearm to total body 
muscle is vahd, an increase m the extracellular 
concentration of potassium of 1 0 mEq per L. 
would be expected m one hour Yet, artenal con 
ccntration remains constant It is clear that potas- 
sium must leave the extracellular fluid at about the 
rate at which it is added to extracellular fluid from 
musdc. Studies b> others (10 11) of the diurnal 
variation of unnary excreiicm of potassium show 
a striking similarity to the pattern of net potassium 
movement from musde. That is excretion falls 
to minimal levels dunng the night, and rises 
sharply to a maximum output at 10 or 11 A.M. 
(compare Figure 1) It would appear that uri 
narv loss is the likely fate of the bulk of the potas- 
sium added to extracellular fluid from masdc, 



Fia Z CowuxATjoK Bciwixif Oxycdc CoHsuitmoK or Fouaiim Tiisuts Ana 
MoTXMZjrt cr Potassium Bctwbcx Fomajui Tissues aht> Blood 
Each dot repraerrti the mean value for each tobject itqdicd in the bajal lUtc. 
Line of recr«*iton calcntated by "leail square*" method. ProbaWnty of corrtUUoo 
by chance, <001 
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In case (a), these shifts to a new equihbnum 
state might be considered as accompaniments of 
the classical “chloride shift” (9) That is, either 
mo\ ement of water into eiw’throcj'tes or potassium 
out of er)-throc}'tes, or both, might lead to a higher 
\enous than artenal plasma concentration of po- 
tassium 

In case (b) it is conceivable that, as shed ar- 
terial and lenous blood cool from 3S°C toward 
room temperature of 25°, net potassium uptake by 
artenal eiythrocj-tes might occur at a faster rate 
than b\ i enous eiythroci-tes , or, net water uptake 
b) artenal er}throc}tes might occur at a slower 
rate than b\ i enous erjlhroci tes 

These possible artefacts could be a\ oided by de- 
termining potassium concentrations in whole blood 
rather tlian in plasma Concentrations in whole 
blood are so high, how ever, that a small analytical 
error percentagewise would become intolerably 
large m deteebng small net potassium shifts 

In both cases (a) and (b), in order for water 
shuts to account for the observed differences in 
potassium concentration, the lolume of packed 
cells m 1 enous blood would haie to exceed that 
in artenal blood bi 2 3 ml per 100 ml blood on 
the aierage In 35 pairs of artenal and r enous 
blood samples obtained in 12 of the subjects, there 
was no sigmficant A-V difference, the mean be- 
ing onlj -f 0 2 ml per 100 ml ±0^ (S E M ) 


Water shifts, then are not responsible for the 
observed potassium differences However, since 
the possibiht} of a potassium shift in erythrocj’tes 
remained, in zniro studies were devised so that the 
changes in gas content occurnng in blood flowing 
through the arm w ould be rev ersed The sample 
of \ enous blood equilibrated w ith oxygen becomes 
"artenahzed” O, is gained and CO- is lost The 
paired sample of venous blood which is exposed 
to the CO; — N; mixture senses as a control the 
blood IS subjected to the same manipulative pro- 
cedures but remains venous 

In eleven in vitro expenments (Table III) 
there is a significantlj greater concentration of po- 
tassium in the “venous” than in the "artenal” 
sample, but the mean difference, 0 03 mEq per L , 
IS only % the mean difference in the expenment 
upon the forearm The difference between in 
vrvo and in vitro A-V differences is highly sig- 
nificant (p < 0 01) However, unlike the forearm 
expenments, a significant difference in “artenal” 
and "venous” hematoents occurred in the in vitro 
studies In only one of ten pairs was this water 
shift large enough to account completely for the 
obsenxd difference in potassium concentration 
(Table III, columns headed Water shift” and 
“% Change in potassium”) There therefore ap- 
pears to be not onlj a water shift but also a direct 


TABLE III 


Mmemcnt of poiaszium between red cells and plasma with changes tn Oi and COi contents * 


Erpt, 

Ar 

(AVqc 

(A V)o, 

(AVJeo, 

(A VJnti 

% Water 
shift 

% Change In 
potassium 

A 

3 67 

-001 

94 

-1 6 



-0 2 

B 

3 81 

-0 13 

13 9 

-1 6 


-0 7 

-3 4 

C 

3 95 

-0 01 

15 4 

-3 4 

-1 4 

-2 6 

-0 4 

D 

368 

-hOOl 



-0 1 

-0 2 

-HO 3 

E 

3 74 

-0 03 

13 4 

-2 3 


-0 4 

-0 7 

F 

3 73 

-OOS 




-0 6 

-1 4 

G 

3 91 

0 



-1-0 1 

-f0 3 

0 

H 

4 19 

-0 04 




0 

-1 0 

I 

3 61 

-0 04 




-0 3 

-1 3 

J 

4 05 

-0 01 


-56 


0 

0 

K 

4 01 

-0 07 

n 6 

-6 3 

-0 7 

-1 2 

-1 7 

Mean 

3 850 

-0 034 

12 4 

-3 5 

-0 31 

-0 57 

-0 96t 

SEM 


0 0120 



0 140 

0 260 

0 338 


* A refers to the concentration in the "artenalized’ sample V, to that m the venous sample, A-V, to the arteno- 
venous difference Potassium concentration is m mEq per L plasma, gas concentrabons are in ml per 100 ml blood 

Hematocrit, Hct, is in ml packed cells per 100 ml blood % Water shift = jqq ^ Change m 


(A-VJr 

pota'sium •=• — - too 

I Elxpenment \ omitted from calculabon of the mean since per cent water shift was not measured m this subject 
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fluid (and therefore, of potassiora) with glycc^en 
dqwsition "With such a low uptake of glucose it 
would not be expected that other of ^ese two 
processes occurred m fact breakdown of prevl 
ouslv depoated glycogen would seem more hkcly 
and this might lead to a loss of associated potas 
atuu from muscle. Available data m the hteraturc 
do not permit, however an acceptable estimate of 
the quantity of glycogen breakdown required to 
account for the observed potassium raoveraenL 
The mean R Q of the forearm in these subjects 
(074 ± 0 02) suggests that glucose oxidation 
and therefore glycogenolysis must be minor and 
there is other evidence suggestrag that little break- 
down of glycogen m muscle is to be expected (3) 
There ^vas also no corrclatioa between movement 
of potassium and forearm R,Q 

Carbon dtoxidc It has been demonstrated that 
acute aadoMS both respiratory and metabohe, 
leads to loss of potassium from muscle (12 13) 
In the forearm expenments there was a highly 
sigmficaut correlation between CO, production by 
the fore ar m and net potassium movement (Fig 
ure 3) Greater CO, production does not, how 
ever necessarily imply increased intracellular ad 
dosis since mtracellular CO, conceatrahon is a 
function not only of the rate of CO, production 
but also of the rate of CO, removal CO, concen 
tration m venous blood or the A V difference in 
CO, concentration might then be better indices of 
tissue pH , neither of these correlated with the net 
movement of potassium. Since neither pH nor 
pCO, was measured it is not possible from these 
expenments to be certain what role tissue pH 
might play 

In the three subjects studied dunng the mght 
there was no correlation between movement of 
potassium and of any other metabolite. 

SUMMARY 

There is net movement of potassium out of rest 
mg forearm musdc into plasma in the late morrang 
hours m fasted subjects From 1AM to 10 A^ 
no net movement occurs From 10 A^I to 1 
P M the mean A V difference m 21 subjects was 
~ 073 mEq per L. The net loss in 15 subjects 


averaged 0,88 fiEq per min per 100 g muscle 
or about 0.5 per cent per hour of mtracellular 
potassium 
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Fig 3 Correlation Between COj Production by Forearm Tissues and 
Movement or Potassium Between Forearm Tissues and Blood 
Each dot represents the mean value for each subject studied m the basal 
state. Line of reeresston calculated bj “least squares” method. Probability 
of correlation bj chance, <0 01 


some potassium may, however, enter the cells of 
other organs, for example, liver 

The similarity of the time course of moiement 
of potassium out of muscle and into urine suggests 
that the two are causally related It is not knoavn 
a\hich of these processes may be pnmary, or in- 
deed whether both arc secondary to another com- 
mon mechanism The association of adrenocorti- 
cal actiaat} with ciectroI}tc metabolism and the 
striking diurnal aaination of adrenocortical ac- 
tuitv (11) suggest that this may be the common 
tngger to muscle and kidnej Others (10) have 
suggested that the diurnal rh}Thm of potassium 
excretion is caused by c}clic changes in renal tu- 
bular metabolism wnth consequent changes in in- 
tracellular pH These t^\o suggestions are not 
mutually exclusue 

Carboludrate metabolism of the forearm was 
studied m these subjects bj measuring the net 
mo\cment between forearm tissues and blood of 
glucose, hetate, okj gen and carbon dioxide simul- 
taneous!) watli potassium on the same samples of 
blood Data on carboh)dratc metabolism in the 
first 13 of these subjects ha\e been reported prCM- 
ousl) (3,4) The relation betw een mo\ ement of 


potassium and of these metabolites in the basal 
state was examined 

Oxygen Since anoxia of muscle leads to loss 
of potassium, it might have been expected tliat 
subjects ^vlth the lowest O- consumption would 
have the greatest loss of potassium from muscle 
How'ever, the reverse was true (Figure 2) 

Lactate Lactate was produced by the resting 
forearm (mean = 0 44 jaM per mm per 100 ml 
forearm ±011SEM) It is possible that there 
are small areas of muscle which are intermittently 
ischemic, perhaps as a result of rhythmic vaso- 
motor activity, which accounts for this anaerobic 
metabolism If so, correlation between lactate 
production by muscle and potassium loss from 
muscle would be expected There was, however, 
no correlation 

Glucose Glucose uptake by forearm tissue was 
small, averaging only 0 50 ± 0 17 fiM per min 
per 100 ml forearm, and no correlation with po- 
tassium movement was present The movement 
of potassium into cells along with glucose is gen- 
erally attnbuted either to a) an increase in concen- 
tration wnthin the cell of the potassium salt of the 
hexose phosphates or b) an increase of intracellular 
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It has been appreaated since the classical stud- 
ies of Biemond and Daniels ( 1 ) and Aitken, Allott, 
Castleden, and Walker (2) that the concentration 
of potassium in serum falls dunng attacks in pa- 
tients mth t)'pical famil} periodic paraljsis Al- 
lott and McArdle (3), Pudenz, McIntosh, and 
McEachem (4) and Ferrebee, Atchle)% and Loeb 

(5) showed that the quantit) of potassium ex- 
creted in unne iras reduced dunng attacks of 
paral} sis These observations implied that dunng 
attacks potassium shifted from extracellular to 
some intracellular space Metabolic balance stud- 
ies by Danowski, Elkinton, Burrows, and Winkler 

(6) confirmed this hj-pothesis The question of 
•which intracellular space accepted the potassium 
that shifted dunng attacks remained unanswered 

Recentl) it has been reported from this labora- 
tory that there is a diurnal a’anation in normal 
man in exchange of potassium between skeletal 
muscle and extracellular water (7) Dunng the 
hours betw een 10 P M and 12 noon, that is, 4 to 
IS hours after the last meal, wath the subject at 
rest, potassium moves from muscle to blood, the 
rate declining to a minimum or even reversing 
slightly (potassium moves from blood to muscle) 
between the hours of midmght and 7AM, and 
then nsing again to a peak betw een 10 A M and 
noon It IS charactenstic of family penodic paraly- 
sis that most attacks begin dunng the middle of the 
night (8) This suggested that in patients with 
this disease there may be an exaggeration of the 
diurnal vanation m potassium mov ement, and that 
movement of potassium from extracellular fluid 
into skeletal muscle dunng the night might be re- 


sponsible for the attacks It is the purpose of this 
report to present data indicating that this is the 
case 

METHODS 

Two subjects were studied Both had well-documented 
familj penodic paralysis with a history of spontaneous 
attacks of flacad paral>sis frequently having their onset 
in the middle of the night and assoaated with definite 
lij'pokalemia. 

Subject M H , a 14-j ear-old boy weighing 57 Kg , 
had had episodes of weakness and paraljsis since age 12 
All the attacks began between 11 P kl and 9 A kl Thej 
were relieved or prevented by administration of potas 
smm chlonde, and serum potassium concentraUon dunng 
at least one attack was found to be low The seventy of 
his attacks was much less than that of the second patient 
Subject kl H was studied on three occasions 
Stud> I was performed between 11 30 A kf and 12 
noon dunng spontaneous recovery from a mild attack 
which had begun spontaneouslj dunng the night He 
had had no food since supper at 6 P M the evening pnor 
to study 

Stud) II covered the hours between midnight and 7 
A M The last meal was at 6 P M When a spontaneous 
attack did not occur by 2 20 A M , an attack was induced 
by admimstraUon of glucose and of insulin. 

Study III covered the hours between 1AM and 7 
A kl Dunng the afternoon pnor to study kf H exer- 
ased heavil) on a treadmill and at 6 P kf ate a large 
dinner There was no clinical evidence of an attack 
dunng the time of this study 
Subject A B, a 24 year -old college student weighing 
77 Kg, was a member of a family of whom six members 
had climcal evidence of penodic paralj’sis His attacks 
began at age 12. There w ere one to three sev ere attacks 
and more frequent mild attacks each month until age 18 
when he was first placed on prophylactic potassium ther- 
apy Qrcumstances under which attacks occurred were 
quite predictable. Attacks followed heavy exercise and 
high carbohydrate meals, were aborted by mild exercise 
and ingestion of potassium chlonde. Onset of attacks 
was usually m the middle of the night and some of his 
attacks were quite severe, involvmg not onl) the extremi- 
ties but also respirator) muscles 

Subject A. B was studied on one occasion Prophy- 
lactic potassium therapy was discontinued 24 hours pnor 
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was further supported b) giants-m-aid from the National 
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sociabons of Amenca, Inc, 


730 



MUSCtE POTASSIUM UPTAKE 1ft PEWODIC PAJIALYSIS 


731 


TABLE 1 


Ifet fMftment of jK)<a»ium dunflt tpcniantou^ tjodurfiol cdiaei — Subjtd X B * 





6 

On) 



Time 

A 

AV 

fEtJmiMj 

ICO ml Jornrm 

ka 



AM 

mBiJL, 

m£4^L. 

t 

lloscle ttrencth 

Tendoo 

ll 12 

2 47 

0 74 

14 


Normal 

B-I T2 

K2 2 

li»8 

211 

060 

14 




1.25 





Rapid decrease m arms legs 

B-0 T-0 

to 

US 

2-08 





fairiy strong 

KI 0 A2 1 

2 11 

055 

09 1 




2J5 





Maximal inspiration reduced 
but no dy^nca. Ne^ 
flexion very weak. 


3d)8 

191 

0A4 

08 



4;00 

1.85 

049 

1 1 


Esuemltics almost totalJv 
poralyitd (Severe EKG 
abnormaUtks ) 


4 JO 




5 


4-40 




5 

Subjective imprmTTDCflt. No 
objective change. 

B-O T 1 

K-0 0 A 2 I 

S-48 

2 75 

0 61 

08 


EKG ksi ebDorrnal 


6.25 

2.73 

0.36 

07 

5 

Extremity strength slightly 

B-0 T2 






impemed. Inspinibon 
stronger (EKG — return 

K 1 0 A2 1 






to severe changes.) 


7 10 




5 



7 U 

3 11 

-020 

-0 4 


Head can be raised off pillow 


7-43 

3 45 

-OJO 

-08 



9«) 

5 40 

-0 61 

-1 3 


Nearly recovered 

B^2 T 1 

K-3 2 A 2 2 

10-03 

591 

-043 

-07 


Essentially nonnal 



* A mncentratiofl of potE«sum la arterial plaaou A V » artedovenoua dliTertnce Id pUaroa concentratioD of 
potaadtus Q « net uptake (or net release when value U fit$:ative) of potueium by fortann tun>ea. 

f B «- Weep*, T • mcepa K " knee, A — ankle Omy the rf^t bicep* and tricep* reflexes could be tested 
metiDOlic studies were made oa the left arm 0 • absent I ■■ reduced 2 « normal, 3 byperootive. In the knee 
and anUe jerks, the first number refers to the right side the second to the left side- 

to this study He received 100 g of glucose at 3 ^ P^t 
ate bis twnl supper at S ^ P3I with extra dessert pins 
100 g of glucose at 6 -30 PiL Measurement* were made 
between midnight and 10 A-lf A severe attack occurred 
and it was occcisaiy to treat hnn with KCL 

Measurements were made of the roetaboUtm of forearm 
muscle* with the subject at r«t Uptake and release of 
potassium, O*, CO», glucose and lactate were calculated 
as described previously (7 9) as the product* of forearm 
blood flow and arteriovenous differences of the metabo- 
lites. Venous blood was obtained through a catheter 
placed in a deep vem draming forearm muscles, Ar 
terial blood was from the brachisl artery A pressure 
cuff about the wrist, inflated to greater than systolic 
pressure, excluded blood flow to hand and wrist dtmog 
periods of blood coUecUoo. 

Certain extrapolations of the data are made. In these 
it is assumed that uptake or outpot per mm. per 100 mL 
of forearm can be co n verted to uptake or outpot per nfln. 
per 100 g of forearm muscle by mulUplyittg by H a coo- 
version factor estimated p r e vioosly (9) It {* further a* 
sumed that extracellular fluid weighs 20 per cent of body 
weight and that total muscle mau is ^ per cent of body 
weight. 



Fic. 1 ArreaiAL akd VrjtoDs Plasua PoTAsiruu 
Co’ccE.TntATiov* Duaixo Attack akd RtemrsT iir 
pATUOfT A B 

At each time indKated l>y arrows 5 g KQ was given 
orally 
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KESTjLTS and DISCXjSSION* 

Pofasman Mcnancnf Dxmng Spontaneous Attack 

and Spontaneous Recovery 

Subject A B {Table 1 and Fxgurcs 1 and 2) 

Artenal potassium concentration was alreadj 
reduced greatlv the time the first sample n’as 
drawn at midnight and continued to fall for the 
next four hours, after nhich it was necessary' to 
treat the patient b} administration of KQ In 
subject A B , beh\een midnight and 4AM, ex- 
traction of potassium (: c , A-V difference dmded 
bj artenal concentration) ^^•as approximately 25 
per cent In normal subjects little or no extraction 
of potassium occurs dunng these hours 

Dunng the attack potassium mo\ ed from plasma 
into muscle at a rate of 1^ per mm per 100 
ml forearm Beta een midnight and 4AM, con- 
centration of potassium in artenal plasma fell 06 
mEq per L , a loss of about 9 5 mEq of potassium 
from total extracellular flmd Dunng that time 
about 2 mEq of potassium mo\ed from plasma 
into muscles of one forearm If all skeletal 
muscles acre behaving identically, about 110 
mEq of potassium might have moved from ex- 
tracdlular fluid into muscle in the four-hour pe- 
nod Since this figure is about 12 tunes as large 
as the estunated loss of extracellular potassium it 
follo\\s either that forearm muscles verc extract- 
ing potassium from plasma at a rate about 12 



Fig 2. Potasstom Movement Between Plasma and 
Muscle During the Night 
Positive values are uptake, negative values are release 
from muscle. B subject A. B dunng attack and re- 
covery, K and C, normal subjects, H, subject M H 
\%ho had pcnodic paralysis but failed to get an attack 
during this studv Arroiv s indicate oral adimmstration of 
5 g KQ to A. B 


times greater than the aterage muscle or that po- 
tassium -was added to plasma from some non- 
muscular source 

Although the mass of potassium lost from ex- 
tracellular fluid was large from the •new'point of 
extracellular potassium, if it all went into skeletal 
muscle this quantity of potassium would be suffi- 
aent to raise the aTerage concentration of intra- 
muscular potassium bj only a few per cent, an 
amount too small to be detected by available 
methods 

MTien KQ was administered, although there 
was some elevabon of artenal potassium concen- 
trabon, extracbon of potassium remained con- 
stant for the next two and one-half hours and po- 
tassium continued to mo%c into muscle unbl the 
direcbon of movement was reversed at 7 A M , 
sev eral hours earlier than the onset of accelerated 
output of potassium bj muscle in normal subjects 

In summary , an attack of paralj sis developed in 
the middle of the night about sev en hours after a 
heavy carbohydrate meal Potassium moved from 
plasma into skeletal muscle, concentrabon of po- 
tassium in plasma was reduced and paralysis oc- 
curred Efforts to terminate the attack by oral 
admimstrabon of potassium failed to do so during 
a two-hour penod in which potassium conbnued 
to move from plasma into muscle and there was 
only a small increase in concentrabon of arterial 
potassium Presumably, dunng these two hours 
potassium movement out of extracellular space 
into muscle almost kept pace with intestinal ab- 
sorpbon of admimstered potassium Later in the 
morning the direction of potassium movement 
reversed, potassium moved out of muscle into 
extracellular space at a rate greater than that seen 
in normal subjects during these hours Concen- 
trabon of potassium m artenal plasma rose 
abruptly and the attack ended Although the nse 
in concentrabon of potassium m artenal plasma 
may have been the result of absorpbon of ad- 
ministered potassium from the gut as well as of 
outpounng of potassium from skeletal muscle, the 
latter factor alone was suffiaent to account for 
the observed nse m plasma concentration 

Subject M H , Study I {Table II, Figure 3) 

Subject M H failed to have a spontaneous at- 
tack dunng the bme measurements of forearm 
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TABUE tr 

Potowiom reUasc dunng sfxMtiantmu rtcovcry Jrom 
jpcnlanfffuj cUath — Subject if ff* 


Time 

A 

A-V 

6 

1139 

409 

-105 

-3 85 

1130 

4.10 

-1 IS 

-633 

12-00 

4.08 

-037 

-3 70 


• Time la A.M Symbol* as In Table I 


metabolism were made. However, forearm me- 
tabolism was measured on the morning following 
a mild spontaneous attack from which he was re- 
covenng spontaneously At the time of the study 
there was no longer any gross weakness Deep 
tendon reflexes m the arms v.ere normal but 
patellar and ankle responses were stiU shghtly de- 
pressed Release of potassium from muscle was 
about Six times greater than the average rate 
found in normal subjects during the same time of 
the day Presumably at some earUer hour during 
the attack there was a reduction in plasma potas 
Slum concentratioii. The rate at which potassium 
mo\ed from muscle to extracellular fluid during 
recovery 3 to 5 mEq per hr per Kg of muscle 
was adequate to account for an increase m plasma 
potassium conccntratioiL Despite the large con 
tnbution of potassium to venous plasma from 
muscle concentration of potassium in arterial 
plasma was stable at about 4 mEq per L during 
the period of observation This stabiUty of ar- 
terial potassium could obtam only if potassium 
left the blood stream by some other route as fast 
as It entered from skeletal muscle. 



Frc. 3 PoTABStuM OuTVUT ncoM Muscle to Piasua 
Dtmixo SfONTAKTOus Reernnv r»o« a SPovTAYKrog 
Attack of Pasalysis iw Subject M H- 

• data from nonnal txibloct* In the basal state. 


Potassium Moi'cmcnt During an Attack Produced 
by Adnuntstrahon of Gtucosc and InsuUn 

Subject M H Study 11 (Table ///) 

During Study II of subject M H., when a 
spontaneous attack had not occurred by 2.20 A.M 
a mild attack was produced by adiramstmtion of 
glucose and insulin At 6.25 A M he was given 
9 g KQ by mouth. Withm 25 minutes there was 
some return of deep tendon reflexes 
When KQ was administered there was a rapid 
nsc in artcnal potassium concentration despite 
a brge increase m rate of potassium uptake by 
muscle. An uptake of this magnitude did not 
oonir following potassium admimstration to sub- 
ject A B at approxunately the same tune of day 
The difference in response is probably attnbutable 
to the effect of insulin since the behavior of blood 
glucose concentrations indicated that a potent in 
sulin action occurred at the time of massive uptake 
of potassium 

From the nse m concentration of potassium in 

TABLE m 


Kti mtvanent <•/ pedamum dunne attar* induced hy 
llucasc and innltw-^uijeet ii H Study II • 


Time 

A3L 

A 

nEcfL. 

A-V 

mJ fvrtwm 

Cosuneau 

1230 

441 

-0 06 

-04 

Strength and reflexe* 
normal 

130 

444 

-0 11 

-08 


231 

235 

to 

240 

2*40 

431 

-0 16 

-13 

No fj-mptoms or nffn* of 
impending attacL. 

130 E ghicose in 240 mL 
orange juke. 

Iniulln 20 U., subcu 
Uneou*. 

3-02 

409 

-034 

-Z6 


335 

335 

to 

4-05 

4-07 

4 18 

-001 

-01 

No change in ttrength or 
rtficie*. 

25 g glucose I V 

Infulm 6 U., I V 

4 41 

368 

DOS 

07 

frcatly 

diminlined. Tendon 
reOeies absent. 

539 

3 73 

026 

1 8 


6 15 

635 

368 

003 

03 

Further ^reakneii. Re- 
flae* remain absent, 

9 z KQ orally 

6-40 

4« 

038 

63 

Reflexes and ftrength re- 
turning 

Almost complete 
rtetn-ery 

638 

S36 

Q4S 

67 


• SyrnboU a* In Table I 
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artenal plasma, from the measured uptake of po- 
tassium b} muscles of the forearm and from rea- 
sonable assumptions of the size of extracellular 
space and total muscle mass m H it can be 
estimated that of the 120 mEq of potassium ad- 
ministered about 20 mEq uent into extracellular 
space and about 65 mEq uent into skeletal 
muscle in 33 minutes, leanng about one-fourth 
unaccounted for Similar calculations made for 
the case of A B folloinng the first 10 g of ad- 
ministered KQ (Table I) indicated that of the 
135 mEq of potassium administered about 14 
mEq went into extracellular space and about 35 
mEq uent into muscle in two hours, leaMng 
about tw o-thirds of the potassium unaccounted for 
Tins suggests that the failure of oral administra- 
tion of KQ to produce prompt restoration of nor- 
mal potassium concentration m artenal plasma 
and clinical recoi ei^' maj ha\ e been in part due to 
delaj ed absorption of potassium from the gut dur- 
ing the more seiere attack suffered bj' A B 

Normal Pattern of Potassium Movement During 

a Night When No Paralytic Attack Occurred 

Subject M H , Study III {Figure 2) 

Dunng the earl} part of Study II, between mid- 
night and 2 20 A M , subject M H had no spon- 
s taneous attack and potassium moienient at this 
time was indistinguishable from that obsened in 
normal men In Study III, between 1AM and 
7AM, subject H again had no spontaneous 
attack and potassium mo\ement appeared to be 
normal 

Fragmentary Observations on Other Abnormali- 
ties of Muscle Metabolism Occurring Dunng a 

Spontaneous Attack of Paralysis {Table IV) 

Certain observations discoiered dunng the at- 
tack m 4 B which differ from those obtained m 
normal subjects are reported These differences 
ma} pro\ e ultimate!} to be of no significance since 
the number of normal subjects studied is small 
On the other hand, even if the} proie to be real 
departures from the normal it is not clear whether 
these differences are fundamental to the disease, 
whether the\ represent a defect parallel to but 
unrelated to the anomaU of potassium moiement, 
whether the\ are in some wa} causally related to 
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Fra 4 Aeteual Blood Gcucose 

B fubject A. B dttnnff attack and r ecoTefy C, K and 
N normal lobjecti H, tabject IL H, who failed to de- 
velop hypokalemia or clinical paralyns- 

potassium movement or whether they arc conse- 
quences of the disease. None of these metabolic 
differences appeared in subject Ikl. H Study in» 
dunng the night in which he failed to have a 
spontaneous attack. 

Concentration of glucose in arterial blood %vas 
definitely higher in subject A B than in normals 
during the night (Figure 4) and at least danng 
the first four measurements A V glucose differ 
ences were higher than normal It has been noted 
previously (10) that A-V glucose differences 
vatied directly with artenal glucose concentra 
tions in normal subjects during the night Thu 
relation was true also for subject A B so that 
the abnormally high glucose A V differences and 
glucose uptakes in this subject may have resaUed 
from abnormally high delucry of glucose to 
muscle. Since the concentration of arterial gin 
cose tended to decrease dunng the nvght it is not 
unexpected that glucose uptake tended to de- 
crease similarly 

Although interpretation of these high concen 
trations of glucose m artenal blood is compheated 
by the fact that A B had a high carboh> drate diet 
six and rane hours before the first blood sample 
ivas collected, even the last artenal specimen draivn 
16 hours after the last meal showed higher than 
normal glucose concentration, 5.57 mM per L. 
(mean artenal glucose concentration after 16 to 
18-hour fast m 24 normal subjects u 5 01 mM per 
L- ± 0.27 SX> ) 

Since uptake of glucose by skeletal muscle was 
at least nonnal the high concentration of glucose 
m artenal blood implies that some other organ 


failed to remove orcolating glucose or that hepatic 
contnbution of glucose is'as accelerated 

Concentration of lactate in artenal blood was 
•within normal limits dunng the early part of the 
Etudj and rose dunng the later hours (Figure 5) 
approximately coinadent mth reem erv from 
paralysis ILactate production by muscle was cr 
ratic. There is no evidence that the nse m ar- 
tenal lactate concentration ivas owing to increased 
production of lactate hy skeletal muscle in the 
forearm It is possible, however, that other 
muscles did contribute, since mii..de power and 
deep tendon reflexes were examined from time to 
tune dunng this penod 

Dunng the mght and the following morning 
forearm blood flow m subject A B was within 
the limits defined by studies of two normal sub- 
jects dunng the mght (10) and a larger group of 
normal subjects dunng the late morning (9) 
Nor were there any deviations from normal in 
Oa uptake in CO» production or in A V differ- 
ences of COj or Oj content HoNvever the ar- 
terial concentrabon of CO^ imtiall> normal fell 
to levels lower than those m normal subjects 
(mean of 24 nonnal subjects 21.9 mEq per L * 
058 S D ) (Figure 6) Although pH was not 
measured, this decrease m artenal CO, presum 
ably represented extracellular raetabohe aadosis 

Mean respiratory quobents of forearm muscles 
m three normal subjects between the hours of 
10 P M and 4 A.M were 075 0 84 and 0B4 
In subject M H., during the same time mterva! 



Fkl 5 AtmiAL Blooo Lactatt 
Symbol* a* m Figure 4 
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Fig 6 Artemai, Buxjd CO3 Contest 

Symbols as m Figure 4 

i\hcn he failed to ha-ie an attack, the R Q w'as 
082 In subject A B dunng the spontaneous 
attack, R Q \\as 1 00 

The fraction of O; uptake by muscle which is 
sjient in ovidation of glucose is defined by the 
following relation (9) 6(glucose A-V difference 
minus Yj lactate A-V difference)/oxygen A-V 
difference In contrast to data found in normal 
subjects dunng the same hours, dunng the early 
hours of the attack glucose uptake iras greatly 
in excess of tlie amount needed to account for all 
the O. uptake Later, glucose uptake decreased 
and w-as suffiaent to account for only a minor frac- 
tion of O. uptake, as was true in normals In nor- 
mal subjects the fraction of O. uptake accounted 
for by glucose oxidation vaned directly -with ar- 
teml glucose concentration (10) This was true 
also in subject A B 

These data do not explain the exaggerated 
moiement of jKitassium between plasma and 
muscle seen dunng paralysis and recovery’ Al- 
though unusually rapid uptake of potassium by 
muscle was assoaated wath unusually rapid glu- 
cose uptake, the direction of potassium movement 
reversed, and potassium moved from muscle to 
plasma dunng recovery' at a time when artenal 
glucose concentration was still excessive and glu- 
cose uptake by muscle was still relatively large 

Net efflux of potassium from cells under the in- 
fluence of aadosis has been desenbed (11) and a 
suggestive correlation between potassium move- 
ment from muscle and CO, production by muscle 


AKD REUBIX AXDRES 

was found in normal subjects dunng the night 
(10) This correlation could be demonstrated for 
subject M H , who had no attack, but could not 
be demonstrated for subject A B dunng and fol- 
low mg the attack 

The possibility has been considered that changes 
in concentration of potassium in plasma may' be 
ownng to water shifts either from cxtravascular 
space or from ery'throcytes into plasma To test 
this possibility', hematoents were determined on 
paired samples of artenal and venous blood 
throughout the mght Among sev en pairs of he- 
matoents, mean artenal hematoent was 44 20, 
range 43 1 to 45 5, mean venous hematocrit was 
44 26, range 43 4 to 45 5, and mean difference be- 
tween pairs of artenal and venous blood was 
— 0 06, range — 0 5 to -1-10 Thus there was 
no ev’idence of net water shift into plasma 

SUMMARV 

1 A large net uptake of potassium from ar- 
tenal plasma by skeletal muscle (the forearm) 
has been demonstrated a) dunng the development 
of a spontaneous nocturnal attack of penodic pa- 
ralysis and b) dunng the development of a noc- 
turnal attack induced by the administration of 
glucose and insubn 

2 Movement of potassium out of skeletal 
muscle has been demonstrated a) dunng the spon- 
taneous recovery from a nocturnal attack which 
developed spontaneously and b) dunng recovery 
from an attack after oral KCl administration 

3 The charactenstic onset of attacks dunng the 
night with spontaneous cure later m the morning 
seen m many of these pabents may be due to ex- 
aggerations of the normal diurnal vanation in net 
potassium movement between muscle and plasma 
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Fig. 6 Arterial Blood COj Conte* 
Symbols as m Figure 4 

when he failed to haie an attack, the J 
082 In subject A B dunng the spr 
attack, R Q was 1 00 
The fraction of O- uptake bj muscle 
spent in oxidation of glucose is define 
following relation (9) 6(glucose A-V ( 
minus ^ lactate A-V difference )/o\}, 
difference In contrast to data found i 
subjects during the same hours, dunng 
hours of the attack glucose uptake wa 
m excess of the amount needed to accou 
the 0- uptake Later, glucose uptake ( 
and was suffiaent to account for onlj a mi 
tion of O. uptake, as w as true in normals 
mal subjects the fraction of O- uptake a 
for b\ glucose oxidation waned directlj 
tenal glucose concentration (10) This 
also in subject A B 
These data do not explain the exa 
moTcment of potassium between plas 
muscle seen dunng paraljsis and recoic 
though unusuallj' rapid uptake of pota' 
muscle was assoaated with unusually ra 
cose uptake, the direction of potassium m' 
re\ersed, and potassium mo\ed from m 
plasma dunng recoierj' at a time when 
glucose concentration was sbll excessive a 
cose uptake b\ muscle was still relatnelj j 
X et efflux of potassium from cells under 
fluence of aadosis has been desenbed (11 
suggestive correlation between potassium 
ment from muscle and CO. production b\ 
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Fic. 1 The ArPAtATUs Uro ro« UL-riLArn.-niATio’T of 
Siaitm 

A The apparatus contaming the kxutted and iofiated 
Vlsking® tubing prior to the mtrtxiuction of the 
semm sample. 

B The apparatoi closed aud ready for centrifugation 
showinff the lemra filled tUtrafiltiaticrn sac restmg 
on the sintered glass support 


bp of the plpet and the cellopbane tubing because such 
contact resulted m difftcnlty in removing the ptpet After 
the serum was introduced, the cellophane bag wms col 
lapsed, and the second end -im Imotted at about the same 
bright as the first end. The two Imotted ends were fiu 
tened together with a rubber band, and the bag wu care* 
fully pushed down Into the apparatus far enough to per 
mit insertion of the rubber stopper To avoid tearing the 
bag a blunt Instrument, such as a ttimng rod, was used 
to jjush adherent portiooi of the hag away from the 
glass. The apparatus was then flashed for 3 murates 
with a 5 per cent COj-95 per cent 0 mixture buUiled 
through isoloric saline and mtrodneed through the side 
arm at the lower end of the apparatus. The apparatus 
was then closed by connectmg the side arm to the glass 
tube In the rubber stopper at the lop using Tygon® tubing 
thus assuring n constant atmosphere aborc and below 
the nltrafiltration sac throughout the ullrafiltrabon pro- 
cedure (Figure 1) It was then placed m the largest 
cups (catalog Na 373) of an Intemabonal Centrifuge, 
SUe 2, or International Refrigerated Centrifagc, the cups 
having been fitted with the simple centering rmg previ 
ously described (23) so that apparatus breakage was pre- 
I'ented while itartmg and stopping the centrifuge. 

A temperature nsc of about 8* C above the cxisbng 
room temperatore will occur inside the operating centn 
fogc in about 1 to 2 hours To keep the temperature coo 
slant during ultrafiltratlon m the ordinary laboratory 
centrifuge, the latter was fitted with a copper coil This 
was connected v-dth Tygon® tubing to the ude-arm of a 
large glass U tube. One arm of the U tube was con- 
nected to the ordmary mixing type water spigot and the 
other was fitted with a thermometer Inlet water tem 
perature was manually controlled by simply varying the 


amount of hot and cold water allowed to flow through 
the spigot into the U tube. A thennometcr was fitted 
mto the center tachometer hole of the centrifuge and the 
temperature inside the centnfuge was kept constant by 
the adjustments m the inlet water temperature. 

At 23 or 37* C at least 0 l 5 mL of a crystal-clear 
protein free (24) ultrafiltrate was collected In 3 hours 
when centrifuged at 2,000 rpm, while at 10 C approx! 
mately double that time was necessary If S mb or more 
of sernm were used, 1 ml of ultrafiltrate could be ob- 
tained in approxnnately the same times. Variations in 
centnfoge speed between 1,500 and 2,500 rpra do not af 
feet the resets obtained (24) 

Determinahon of cotcinnu Calcium in both serum and 
ultrafiltrate was detemined by a flame pho t ometrK 
tcrimique using a Wetchselbaum Varney flame photom- 
eter After proidn removal (in the case of serum) the 
calcium was separated as the oxalate, re-dlssolved, and 
read directly A description of the method together with 
a thorough study of possible variables have already been 
reported (25) 

Dftcnninflhon of f<H A Beckman model G pH meter 
was used for the pH measurements. In all mctances the 
pH of the serum remaining in the ultrafiltration sac was 
mcisurtd after the ultrafiltration was earned out In 
several instances, pH values of both the ultrafiltrate and 
the unfihered serum residue were determined. As would 
be expected where the atmosphere was maintained cen- 
ftont over the serum and ultrafiltrate, the pH values were 
the same. Generally the laloe obtained was between 
7.5 and 7jS if the apparatus wrere allowed to return to 
room temperature (at which the equiUbnum wnth 5 
per cent CO/-95 per cent 0, mixture was earned out) 
and the pH measurement were then made. 

Early in the present work It was noted tliat the pH 
tended to dnft with time as the concentrated serum left 
in the ultrafiltration sac was being measured with a 
COP rent! oml asbestos fibre calomel electrode. This was 
virtually clhmnaled, howei-er when a slecvt type calomel 
electrode (Beckman No. 270-71) was used. 

CoUeehon of sampU Blood was collected with an 
ordinary synnge and a 20-gaage needle by venipuncture 
m the antecubital fossa. No precautions were taken to 
prevent loss of CO, (see discussion under B0(ct of 
method of sompU eolketton) The ultrafiltration pro- 
cedure was earned out on the same day the samples were 
collected. 

RESULTS 

In expressing ultrafiltration results some au 
thors have used a corrected serum volume calcu 
hted from the estimated \olumc occupied by the 
proteins present \Vc have not used the correc 
bon but lw\ c applied the following definition to ex 
press our results 

% Ultmfiftrablc Ca 

Mg Ca/lOOml ultrafiltrate ^ 

Mg Ca/ioo ml sotIh 



THE ULTRAFILTRABLE CALCIUM OF HUMAN SERUM 
I U-LTRAFILTRATION METHODS AND NORMAL 
VALUES " 

B\ T y TORIBARA, A. RAYMOND TEREPKA, axd PRISCILLA A. DEWEY 

(From the Dijinon of Pharmacology of the Department of Radiation Biology, and the Depart- 
ment of ^fcdinne, Unizersity of Rochester School of Medicine and Dentistry, 

Rochester, NY) 

(Submitted for publication Notember 26, 1936, accepted Januarj 24, 1957) 


Since the demonstration b> Rona and Takahashi 
in 1911 (1) that a considerable portion of the cal- 
aum present in the serum is not diffusible through 
a semi-permeable membrane, the vanous calaum- 
fractions in the blood hat e been extensu ely stud- 
ied It IS not\ recognized that calaum exists in 
the serum in three distmct forms One of these, 
tliat calaum bound to protans, compnses the non- 
ultrafiltrable or non-difftisible portion of the serum 
calaum The other two forms, ionic calaum and 
calaum complexed by such small anions as citrate, 
phosphate, and bicarbonate, are ultrafiltrable and 
diffusible 

Ionic calaum is generally considered to be the 
ph} siologically acUte component of the total se- 
rum calcium (20) Recentlj , however, it has been 
suggested (21) that the “biologically active’’ cal- 
aum fraction of scrum is different from, and prob- 
abl} larger than, the total ionic calaum as deter- 
mined b> the frog heart technique (22), approach- 
ing the \alue for total ultrafiltrable calaum In 
an) ei ent, a practical method for the routine meas- 
urement of actual ionic calaum has yet to be de- 
Msed Consequent!), a great deal of effort has 
been directed toward the deielopment of indirect 
methods for its determination in man A -variety 
of techmques has been desenbed, but ultrafiltration 
methods haie been most numerous because of 
pmaical and theoretical ad\-antages over biological 
assa)s or dial) sis techniques In principle, all 
ultrafiltration procedures utilize some type of 
membrane of small pore size and some means of 
suppl)nng filtration pressure 

The purpose of the present commumcation is to 
describe a technique for the ultrafiltration of hu- 

iThis paper is based on work performed under con- 
tract with the United States Atomic Energj Gimmission 
at the Umversit) of Rochester Atomic Energy Project, 
Rochester, New York. 


man serum using a new, simple apparatus- which 
eliminates most of the disadi-antages of prenous 
methods Using this apparatus we have imesti- 
gated the \’anous factors which influence the ultra- 
filtrabiht)' of calaum in human serum and have 
determined the normal range in healthy human 
subjects A subsequent paper will desenbe our 
findings in diseased states and under expenmental 
conditions 

METHODS 

Ultrafiltration apparatus and procedure The appara- 
tus used in this work has been desenbed veo bncfl> in a 
pretaous publication (23) It uses seamless celloplianc 
tubing to contain the serum with a sintered glass support 
for the membrane and centnfugal force to supply the 
filtration pressure Its pnncipal advantages over otlier 
equipment are 1) The aUnosphere and the pH can be 
accuratelj controlled ivithin the apparatus tliroughout 
the ultrafiltration penod, 2) there is no source of metal- 
lic contamination, 3) membrane breakage is virtually 
eliminated, 4) the apparatus is easily constructed and 
can be used in an ordinary laboratory centnfuge, 5) fil- 
traUon pressure can be controlled by varying centnfuge 
speed. 

The ultrafiltration procedure was earned out in the 
follownng manner 

A stnp of Visking Nojax Casing® (sire 24/32) about 
9 inches long was soaked m distilled water for 10 min- 
utes It was wiped drj by drawing through a folded 
gauze sponge repeatedly until no water was -visible. 
One end was knotted and the tubing was doubled (Fig- 
ure 1) and pushed into the ultrafiltration tube with the 
knot up The unknotted end was opened with a sharp 
instrument such as a scalpel blade or small spatula and 
inflated bj blowang into ib For the present studies, 3 ml 
of serum were pipetted directlj into the open end of the 
bag Care was taken to avoid contact between the wet 

= Made bj sealing off the short end of a borosilicatc 
glass straight sealing tube with coarse fritted disc (Com- 
ing No 39370, 25-mm. diameter with 20 mm disc), and 
addmg a 6-mm glass tube at an angle near the fritted disc 
(Figure 1) Complete apparatus is now a-vailable from 
Will Corporation, Rochester, New York. 
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a 

A 



Fia 1 Th£ Atpabatus Usid tor Ui.tsAm.THA-noN or 
Sdum 

A, Tbe »ppar*ti» containmff the knotted and inibted 
Vislong® tabmg^ prior to the mtroducboo of the 
aertim sample. 

B The apparatM closed and ready for centrifugation 
showrag the sertrrn filled ultrafiltratfon sac resting 
on the tmtered glass support 


bp of the prpet and the cellophane tubing because aoch 
contact resulted m difiiailty in removing the pipet After 
the serum was Introduced, the cellophane tag col 
lapsed, And the second end was Imotted at about the came 
hdght as the first end. The two knotted ends were fas 
tened together with a rubber band, end the bag was care* 
folly poshed down Into the apparatus far enough to per 
nut faiserbon of the rubber stopper To avoid teonog the 
bog a btont instrument such as a stirring rod, was used 
to posh adhereit porboos of the bag av.*ay from the 
gloss. The apporutos was then flushed for 3 mtnutes 
with a S per cent COj-95 per cent Oi mixture bubbled 
through isotonk saline and iotrodtfced through the tide 
arm at the loaer end of the apparatus. The apporatns 
was then closed by connecting the side arm to the glass 
tube in the rubber stopper at the top using Tygon® tubmg 
thus ossonng a constant atmosphere above and below 
the ultrafiltration sac throughout the ultrafiltralioo pro- 
«dure (Figure 1) It was then placed In the largest 
cups (catalog Na 373) of an Intematioml Centrifuge, 
Size 2, or Intcmabonal Refrigerated Centnfuge, the cops 
having been fitted with the simple centering ring prevr 
otuly described (23) so that apparatus breakage was pre- 
\-ented while starting and slopping the centrifuge. 

A temperature rue of about 8* C above the existing 
room temperature will occur inside the operating centrr* 
fugt in about 1 to 2 hours. To keep the temperature con 
slant dunng ultrafiltration in the ordinary laboratory 
cenlrifage the latter was fitted wnth a copper ewh This 
was connected with Tygon® tubing to the side*ann of a 
large glass U tube. One arm of the U«tubc was con 
nected to the ordinary mixing type water spigot and the 
other was fitted wth a thermometer Inlet water ten 
perature was manually controlled by simply varying the 


amount of hot and cold water allowed to flow through 
the spigot iirto the U tube. A thermometer was fitted 
mto the center tachometer hole of the centrifuge and the 
temperature mslde the centnfuge was kept constant by 
the adjustments m the inlet water temperature. 

At 23 or 37* C, at least CL5 mL of a crystal*clcar 
proton free (24) ultrafiltrate was collected in 3 hours 
when centrifuged at 2,000 rpm, while at 10 C approxi 
matcly double that time was necessary If 5 mL or more 
of serum were used, 1 mL of ultrafiltrate could be ob- 
tained m approxhuatcly the same tunes. Variatioos m 
centnfuge speed between 1400 and 2400 rpm do not af 
feet the results obtained (24) 

DetmninaUon of calciutiu Calanro In both serum and 
ultrafiltrate was determined by a flame pbofomctnc 
technique using a Wochielbaum Varney flame photom- 
eter After protein removal (m the case of scrum) the 
calcmro was separated as the oxalate, re-dlssolved, and 
read directly A description of the method together with 
a thorough itudj of possible variables ha\e already been 
reported (25) 

Detfrminahon of />H‘ A Beckman model G pH meter 
was used for the pH measurements In all instances, the 
pH of the scrum remaining in the ultrafiltratioo sac was 
measured after the nltrafiltration was earned out In 
several instances pH values of both the ultrafiltrate and 
the unfiltered serum residue were determined. As would 
be expected where the atmosphere was maintained coo- 
ftaat over the serum and ultrafiltrate, the pH values uere 
the same. Generally the value obtained was between 
74 and 7 6 If the apparatas w ere allowed to return to 
room temperature (at nhlch the equilibrium wth 5 
per cent COi-95 per cent Oj mixture xpai earned out) 
and the pH measurement were then made. 

Early In the present work it was noted that the pH 
tended to dnft with time as the concentrated lenim left 
In the ultrafiltraUtm sac uai bong measured with a 
conventional asbestos fibre calomel electrode. This was 
virtually elumnated, bowmtr when a atec%t type calomel 
electrode (Beckman No. 270-71) was used. 

CoUechon of sample Blood was collected wHth an 
ordinary synnge and a 20-gauge needle by venipuncture 
m the anlecutatal fossa. No prcaurtions were taken to 
prevent loss of CO| (see dlscusiion under Effect of 
method of sample eollceUon) The ultrafiltration pro- 
cedure was carried out oo the same day the sample were 
collected. 

RESULTS 

In expressing altrafiltraUon results, some ou 
thors have used a corrected aenim volume calcu 
hted from the estimated \olumc occupied by the 
proteins present We hat-c not used the correc 
tion but lm\*e appbed the follow mg definition to ex 
press our results 

% UltrafiltrabJe Ca 

Mg Ca/100 ml ultrafiltmtc 
Mg C^/Iod mriHttmm 
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TABLE 1 

Results obtained lath and inthout precautions for loss of COt 
Vltrafntration temperature 23° C 




pa 

SJRtW CALCHJH 1 

Saspl* 

Vathod 

Initial 

Final 

Total 

CgS 

Dltraf ilt orablo 
RgS 

* 

Oltrafilterable 

K 

oU 

7.52 

7.47 

9.52 

7.04 

73.9 


plain 

7.72 

7.51 

9.52 

7.04 

73.9 

E* 

oU 

7.52 

7.51 

12.1 

10.35 

85.7 


plain 

7.32 

7.52 

12.1 

10.48 

86.8 

« 

Patient with eareinoaa of breast and hypercaleeaia. 



Effect of victhod of sample collection 

It has been reported by Hopkins, Hoirard, and 
Eisenberg (18) that when serum is equilibrated 
wath 5 per cent CO;-9S per cent Oj to adjust pH 
before ultrafiltration, the method of collection of 
the blood is not particularly important Prasad 
and Flink (19), on the other hand, considered the 
method of collection and equilibration of serum 
highlj important 

Our findings are in agreement wath those of 
Hopkins, Howard, and Eisenberg and are showai 
in Table I Blood allowed to clot under oil and 
transferred wathout loss of CO. gave results identi- 
cal with those obtained when no speaal precau- 
tions were exercised, pro\aded the apparatus was 
flushed wath CO.-O. mixture before the ultra- 
filtration procedure wais earned out 

Effect of duration of ultrafiltration on composition 

of ultrafiltrate 

Since ultrafiltration is a djnamic process and 
concentrates the serum proteins, a cnticism fre- 
quentlj i oiccd is that the calaum concentration in 
the ultrafiltrate maj not reflect the onginal condi- 
tions in the whole serum This cntiasm may be 
showai to be imailid by the application of physical 
chemical pnnaples to the finding of Marrack 

3 The thermodvnarmc dissociaUon constant of the cal- 
aum complex IS 

K ■=> rCa''^T EProt ] 

^ CCa Protanate) 

where the quanUbes m the brackets are acbvibes Ac- 
cording to this equabon the rabo of bound to unbound 
protem is a funebon of the calaum ion acbvity m the sol- 


and Thacker (26) and McLean and Hastings (22) 
that the relationship between calcium and serum 
proteins maj be expressed by the simple equation 
Ca*^ + Prof ^ CaProteinate * Where a 1 1 re- 
lationship between the calcium and protein m the 
complex exists, these theoretical considerations 
show that the composition of the ultrafiltrate 

ubon. In serum of ionic strength 0 IS M, the protein 
concentrabon is about 0 001 M and is considered to con- 
tribute a negligible amount to the total ionic strength 
(27) Thus relabs ely large alterabons in protein con- 
centrabon must be produced before an> change in ionic 
strength occurs Chen and Neuman (24) showed that 
diffusible forms of calcium (calaum chloride, calcium 
abate, and calaum versenate) in 0 IS M sodium chlo- 
ride move through a cellophane membrane at the same 
rate as water Similar behavior during ultrafiltrabon of 
serum would then cause no change m the concentrabon of 
any diffusible ions m the free water of the bulk solubon, 
an increase in the concentrabon of both forms of protein, 
but onl> a negligible change in ionic strength. Since the 
largest factor in the determinabon of acbvitj coeffiaents 
IS the lomc strength, the acbvity coeffiaents of all con- 
sbtuents in the remainmg serum would remain cssentiallj 
constant dunng the ultrafiltrabon process Thus, wnth 
no change in acbvity coeffiaents, calaum ion concentra- 
bon and the ratio of the two forms of protan do not 
change. 

The above discussion would apply equally to any reac- 
bon involving a fixed number of one or more calaum ions 
wnth a single protein molecule. Thus 


n Ca'*^ -h Prot ;=r Cao Prot 


K 


CCa++J> 


CProtJ 
[Can Prot] 


The ultrafiltrabon procedure would not change the Ca** 
concentrabon and the Prot/Ca. Prot rabo would reinam 
constant although the concentrations of the two forms 
of protan change conbnuously 
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TABLE n 

Succtts{v€ tampies durinff pntonged uIfr^^^^rflt^on. Paiienis with 
ehrcnie rercal dUtast end hj^ocaleeiTiia 


Staple 

CimnitTatleQ 

iwpmtsr* 

Ttm lA 
bear* 

SI3DM CilCIW 

taUl 

TlltT«nit*r«bI« 

•(t 

% 

OltrtrLlttnbl* 

1 

a« 

0- 4 

8 86 

7 17 

80*9 


2J” 

4-7 

t»Sb 

7 17 

80,9 


y« 

7-20 

• B6 

t.90 

77 9 

t 

Jt’ 

0-3 

5 38 

3 n 

66 3 


36® 

3- 7 

5 » 

3,S1 

eeo 

C 

23® 

0-3 

7,45 

5 72 

76.7 


23® 

3 7 

7U5 

5 72 

76*7 


36* 

0* 3 

705 

5»0t 

67 7 


36® 

3-7 

7*45 

5 17 

69*4 


should be that of the non proton portion of the 
onginal serum and should not change unless the 
ionic strength of the solution being ultrafiltercd 
changes significantly during the process. These 


omsiderations ^verc confirmed by collecting sue 
oessise samples of ultrafiltrate during prolonged 
ultrafiltration of a single 3 ml aliquot of scrum 
and determinmg the calaum content of the samples 


TABLE m 

Vatiabibig of idtr<tf3(erabJ* calcmm with pff 


Oeaple 

QltnfUtntUa 

t«Bp«T«bn 

|8 

som CilCTCM 

T«tU tntnmtmU* l 

acS a|S tnmrUicrsU* 

1 


7 tS 

51 

601 

67*4 


36® 

tv22 

9 51 

5.2* 

55 6 

S 

jt” 

60> 

9.10 

1 05 

•6.8 


JS" 

7 SI 

9.X0 

6.U 

66.7 

J 

36* 

6.3S 

9*27 

1.60 

91*5 


36* 

• U 

907 

5 39 

no 

K» 

36* 

7 « 

ll 57 


720 


>6® 

e.22 

11 57 

6.56 

59 3 

jn 

23* 

6 S2 

10 IS 

9.M 

91.4 


»• 

7 63 

10*15 

7 76 

76 J. 

H 

23* 

•JJ> 

10 15 

5.32 

P 3 

t 

»• 

7 56 

9.89 

7.4t 

75 7 


o* 

• 37 

9.*9 

5 67 

P 3 

F* 


7M 

U 57 

9*30 

90.3 


10* 

UU 

11 57 

t u 

70.3 

• TmUttt vltb MnlMM ef U* teeMt aal >i 3 >«tcO>»lii 
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TABLE IV 

Comfumson of acid and carbon dioxide pH adjustment 
VltrafiltTafion temperature 23° C 


Petted 

of 

Idjnetteat 

Idjoated 

pa 

SHIUH CJOCHM 

Total 

Ditrariltorablo 

i 

nitrariltorttbl* 

C02-95J Oj 

7.55 

8 14« 

6 64 

81.6 

lOOJ COj 

6.48 

e 

7.58 

93 2 

Hydrochloric cold 

6 58 

m 

7.49 

92 1 


• Eypoeslceala secondary to renal dleeaae. 


The ultrafiltraDon apparatus was re-equilibrated 
wnth the C0;-O- mixture after each 0 6-ml sample 
w as collected for analj sis and the results are shown 
m Table IT 

From an onginal sample of 3 ml the collection 
of approximatelj 06 ml of ultrafiltrate for cal- 
aum anal} sis will result in a reduction in volume 
of 20 per cent m the ongmal serum or an increase 
m the concentration of protein of 25 per cent In 
the first sample shown m the table the three suc- 
cessue 0 6-ral ahquots of ultrafiltrate decreased 


the ongmal serum volume to less than onc-Lalf of 
the ongmal \ olume Thus a large fraction of the 
serum ma} be ultrafiltered without an appreaable 
change in the composition of the ultrafiltrate, and 
the reduction m volume of the serum accompanying 
the usual ultrafiltration would not be expected to 
affect the results obtained 

Effect of pH 

The literature contains conflicting information 
on this subject Almost without exception, early 


TABLE V 

Effect of temperature on uttrafflterahility of calcium 


Sacple 

Ultraftltratlon 

teaperature 

SERUM CALCIUM 

Total 

Oltraflltorablo 

% 

Ultrafllterable 

j 

3 5° 

9 36 

7 96 

85 1 


10 

9 36 

7 a 

79 2 


23 

9 36 

6 96 

74 3 


36 

9 36 

6 51 

69 6 

B 

3 5° 

10 27 

7.46 

72.6 


10 

10 27 

7.24 

70.5 


23 

10 27 

6 96 

67.8 


36 

10 27 

6 24 

60.8 

B 

ICP 

9.84 

7 81 

79 3 


23 

9 84 

7 33 

74 6 


36 

9 84 

6.44 

65.5 

r 

ICP 

9.74 

7.46 

76.6 


23 

9 74 

7.26 

74.5 


36 

9 74 

6 58 

67.7 
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workers took no special precautions to insure con- 
stancy of pH dunng the process of ultrafiltration 
It has been reported (2, 3 10) that variations in 
pH during ultrafiltration have no effect on the re- 
sults obtained although it was admitted that, on 
theoretical grounds this %vas unexpected (10) 
In any event, rigid control of pH would have been 
difficult since the methods most frequently utilized 
(Greenberg-Gunther [10] and Montz-Updegraff 
[6] ) had no adequate provision for maintaining a 
constant atmosphere to control pH throughout the 
entire ultrafiltrabon process (29) Recentl> , how- 
ever, Hopkins Howard and Eisenberg (18) us 
mg the closed apparatus of Lavictcs (28) re- 
ported a very defimte effect of pH on the fraction 
of scrum calaum appearing in the ultrafiltrate 


The apparatus used in the present stud) also 
controls the atmosphere ngidly dunng the filtra 
ticm process and ViC haie rdnvestigated the prob- 
lem Our data, recorded in Tabic III, confirm the 
observation that the pH at nhich ultrafiltrabon is 
earned out affects significantly the fracbou of cal 
aum that is ultrafiltrable, Analj'sis of these data 
show's that the per cent of nltrafiltrable calaum 
changed from 1 5 to 2 5 per cent per 0 1 pH unit in 
good agreement with values calculated from data 
previously reported (26 18 30) 

The lowering of pH was accomplished by cqmli 
brating the serum in the ultrafiltrabon apparatus 
with 100 per cent COj The high pH's were ob 
tamed by ultrafUtcnng serum with no carbon diox- 
ide cquihbrabon, Hopkins Hmvard and Eisen 


TABLE VI 

Vltr<ifiltmbte eolcium oahitiJoT normal human terum ef uonout femfitraturet 
(AH tqidtitmltd with S pa ctnt COf — PS pa cent 

b<fdre tdlTt(fiUrction) 



S«x 

nit«nitr*via» 

tvipvrAtQr* 

T*U1 

ca«la* 

CalalOK* 

% 

V V 

H 

IS** 

9«E6 

t U 

660 

J V 

K 


9 75 

6.JS 

C3 6 

B.T 



10 30 

t n 

« 9 

t«T 

H 


9 SO 

t> 20 

U 6 

T T 



9 H 

t » 

a 9 

e 6 



10J2 

7 16 

70 9 

c u 

H 


9 M 

6 eo 

710 

E 0 

H 


10 U 

6 17 

60 9 

IJ 

r 


9 31 

6J0 

61 9 


r 


9 

b 51 

69 6 

I 1 



10 Zl 

6J1 

60 7 

J 1 

f 


9^ 

b IB 

69 e 

B T 

T 


9-15 _ 

602 

67 9 






60 7 710** 

8»S 

H 

a” 

9 69 

70* 

79 6 

IJ 

K 


10.15 

7 76 

760 

T T 

M 


9 71 

7 26 

74 6 

E T 



9 at 

7 35 

71 6 

It B 

T 


10.27 

6.96 

67 fl 

E.J 



9 y* 

6 96 

710 

KJ 

T 


9 9} 

7J6 

73 t 






67 8 760** 

V t. 

H 

10® 

10 U 

6 90 

60 7 

> C 

K 


9 91 

701 

7U 




10 00 

7 51 

750 

t 5 

N 


9 70 

6,91 

71 3 

kj 

M 


10. JO 

7 92 


0 K 

M 


10.X1 

7 60 

710 

i 0 

M 


9 U. 

7 63 

79 1 

l*U 

H 


9 53 

7 57 

790 

f B 



10 to 

7 n 

710 




10 01 

7 32 

71 6 


r 


10.50 

7 70 





9 9S 

705 


t) E 



10 00 

7 W 





9JtO 

702 


1 L* 



9.E1 

0 00 


E,E 

f 


10.27 

701 







60 7 - no** 

TalMa U acS 




•* f«r 
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of ultnifiltrnble calaum m human subjects dunng 
a “Single da\, ho\\e\er, arc remarkabU constant 
(32) 

In Table VIII is recorded the per cent ultra- 
filtrabilita or diftusibihtj of the calcinm of norma! 
human scrum calculated from the data of prc\aous 
authors It is immediate!} apparent that \\ath the 
exception of ion Ivle}scnbug, Pappenhemer, 
Zukcr, and Murra} (2), Rona and Iilelli (4), 
Nicholas (13) and Kirk and King (5), earlier 
workers obtained results significant!} lower than 
our -calucs and those of the tw o most recent authors 
(18, 19) 

From the prc\aous discussion on the effect of 
pH on the quantit}’ of ultrafiltrable calcium it 
seems most probable that failure to control the 
pH during ultrafiltration was predominantly re- 
sponsible for the consistently low er \-alues obtained 
b} these earl} workers In this connection, it is of 
interest that the results of a on hle}senbug, Pap- 
penheimer, Zuker, and Murra} (2) and of Rona 
and Melh (4) were obtained by compensation 
dial} SIS in a closed S}'Stem w here the pH was prob- 
abl} maintained constant throughout the proce- 
dure The original Rona and Takahashi investi- 
gations of 1911 (1) were done by essentially the 
same method Their value for the diffusible se- 
rum calcium of v'anous domestic animals was be- 
tween 65 per cent and 75 per cent! Nicholas (13) 
and Kirk and King (5) took no speaal precau- 
tions regarding pH control but the apparatus they 
used was closed dunng the entire filtration and 
positive pressure was maintained over the serum 
wath nitrogen or air 

DISCUSSIOK 

Our data indicate that, with a normal total se- 
rum calcium concentration of about 10 mg per 
cent, 6 to 7 mg per cent of this calaum is ultra- 
filtrablc McLean and Hastings (22), by thar 
frog heart technique, concluded that about 1 3 mM 
per L (5^ mg per cent) of “lomc” calcium ex- 
ists in normal serum Calculations based on the 
actual normal serum concentrations of atrate, 
phosphate, and bicarbonate, activnt} coeffiaents, 
and the reported pK’s of the calaum complexes of 
these anions rev eal that about 0 3 mil per L (12 
mg per cent) of calaum exists in normal serum 
m the form of these known complexes (33) 
The sum of these tw o values, 6 4 mg per cent, is 


remark-abh similar to the mean value of our ex- 
penmentall} determined range for normal total 
ultrafiltrable calaum and closel} approaches the 
value for "biologicall} active” calaum suggested 
b} the data of Yendt, Connor, and Howard (21) 

Variations in the pH of tlie blood in human be- 
ings HI znvo seldom extend more than 0 2 pH units 
above or below the 7 35 to 7 40 range even in 
pathological states involving alterations in aad- 
base balance From our data this would mean 
onl} a minor alteration in the actual quantity of 
ultrafiltrable calcium, well within the 10 per cent 
range found in normal human subjects In acute 
conditions, however, such as hyperv'entilation 
tetan}, a sudden minor shift in the quantity of 
available calaum may well be highly important 
It has been reported that in h}’perv entilation tetany, 
total serum calaum and total ultrafiltrable cal- 
cium do not change significantly (34, 35) How- 
ever, the actual alterations in the quantity of cal- 
aum inv olved due to pH changes in the physiologi- 
cal range are small enough so as to he near or 
vvuthin the limits of accuracy of all the experi- 
mental methods for estimating total and ultrafiltra- 
ble calcium 

The observ'ed effect of temperature on the quan- 
tit} of ultrafiltrable calaum in human serum was 
somewhat surpnsing Most complexes become 
more stable at lower tempenture, but we found 
that more calcium was ultrafiltrable as the tempera- 
ture at which the procedure was earned out was 
decreased 

The only bits of corroborative evidence for this 
temperature effect we were able to find were in the 
work of McLean and Hastings (22), Lavietes 
(28), and Marrack and Thacker (26) In 1926, 
the latter authors, by dialysis of protein solutions 
at room temperature and at 37° C, concluded that 
v’alues for non-diffusible calaum of serum would 
be lower if the determinations were made at room 
temperature Lavietes, in 1937, desenbed his 
anaerobic ultrafiltration apparatus and referred to 
the fact that the quantity of calaum filtered vaned 
wuth temperature but no data w ere given McLean 
and Hastings noted that the amount of "ionic 
calaum” was about 015 mM per L (0 6 mg per 
cent) higher at 15° C than at 25° C Although 
questiomng the significance of this observation, 
the} did calculate b} extrapolation that calaum 
ion concentrations would be 0 8 mg per cent lower 
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at 38® C than those observed at room temperature 
if this temperature effect were real That is with 
an average normal scrum calaum of 10 mg per 
cent the concentration would be about 8 per cent 
lower This value agrees very well with our 
data on normal values at different temperatures 
recorded m Table V 

The exact mechanism responsible for this tem- 
perature effect IS not clear It may be that m the 
bmdmg of calaum to protein a weaker bond is 
obtained at lower temperatures but Katz and 
Klotz (36) claim that the binding of calaum to 
bovme serum albumin is independent of tempera 
ture from 0® C to 25® C A change in pH is ap- 
parently not involved- We have found that t^ 
pH in an aliqnot of scrum measured at room tern 
perature, after S per cent COj-95 per cent Oj 
equilibration at that temperature, did not change 
sigmficantly when the pH was remeasured after 
heabng to 36® C 

One other possible explanation for the phenome- 
non of decreased protein bound calaum at the 
lower temperatures is suggested when one con 
siders the binding of calaum by other anions m 
serum such as atrate, phosphate, and bicarbonate. 
The relationship between the latter and ionic cal 
aum and calaum bound to protein can be ex 
pressed by the equation CaX Ca** ?:e CaProt 
where X refers to these ultrafiltrable amomc com 
plexers of calaum If the temperature coefBaents 
of the fiUrable complexes of calaum were greater 
than those of the protein complexes the net effect 
of a lowering of temperature would be to hai*c 
more of the caldum in the form of these lomc com- 
plexes and a resultant increase in ultrahltrablc 
calaum as found The data of Katz and KJotr 
(36) who found that the bmdmg of calaum ions 
by bovine scrum albumin was mdependeut of tem 
perature lend support to this explanation. If 
this explanation is correct a net decrease m the 
actual ionic form of calaum would occur as the 
ultrafiltration temperature is Imvcred although 
total ultrafiltrable calaum increases That is 
more of the caldum ultrafiltered would be m an 
assoaaled form Thus it w-ould appear that the 
McLean and Hastings frog heart method which 
also responds to a lowenng of temperature with 
an apparent increase in ionic calaum measures 
more than just the ionic calaum in the test solu 
tion It 15 dear that farther work ivith pure pro- 


tems IS necessary to eluadate the exact' 
the temperature effect observed. 


1 A new simple ultrafiltration apparaMsi' 

senbed and the procedure for the ultr^jjv 
of human serum is outlined. 0 L- 

2 The importance of the method of sj Aix 
lection, duration of filtration pH and ta Me? 
was investigated The ultrafiltration rtO 
affected considerably by pH and tempei^^ 

3 For hcalthj human subjects the ^ 
ultrafiltrable calaum at ph^-siological ‘ 
temperature was found to be 60 to 70 p 

the total scrum calaum The results ^ 
authors are renewed and compared >ntbl®^ ^ 
ent findmgs 

4 The quantitative distribution of tl^* » 
calaum fractions m human serum and * 
cance of the obsened effect of pH 
tureontheultrafiltrabibt} of calaum are 
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E^cct of paUcri’s plasma and scrum on clotlmg 
defect of a ease of congaulal dcfacrcy of 
SPCA 

L>ophiIi 2 cd samples of the patient’s plasma and 
serum uere sent to Dr Benjamin Alexander who 
found that the plasma of his patient (1) (congem- 
tal defiaenej of SPCA b} pnor defimbon) and 
the plasma of our patient were mutual!} correcti\e 
m the prothrombin time test Dr Alexander has 
informed us that the thromboplastin generation 
test IS normal m his patient (43) He has also 
found that both patients appear to lack “procon- 
\ertin” as measured b} OuTcn’s tedmique (6), 
and that a mixture of equal parts of the plasmas 
of the two pabents appears to haie 50 per cent 
“procomerbn” acb\nt} in the Owren assa} 
These data suggest strongl} that the defects in 
the tu o pabents should be considered disbnct 

Effect of pattent’s plasma and scrum on clotting 
defect of case of Crockett and associates 

Crockett and assoaates (25) studied a pabent 
(H H ) Mitli a congemtal dotting defect This 
pabent had a prolonged prothrombin time mhich 
n-as corrected b} normal serum It can be seen 
(Table \TI) that a normal prothrombin bme 
u-as not obtamed uhen equal parts of the plasma 
of the abol e pabent and the plasma of R S u ere 
mixed, although mixture mth normal plasma 
was successful mth both pabents It was shown 
also that the tvso sera is ere not mutually correc- 
bie m the thromboplasbn generabon test, an 
equal mixture of each being macbie. The de- 
fects in the b\o cases therefore can be con- 
sidered the same 

TIBLE VII 

T?c effed or palters s plasmi of nonral plasma and the 
plasma of a prcmously described paitenl 
vnth a do'iirg defect 



Plasnra 


Prolhroobin 

tine 

R.S. 

H H. 

Nonanl 



0 1 

112 


0 1 


38 

01 



60 

0 05 

0 05 


44 


0 05 

0 05 

13 4 

0 05 


0 05 

13 


DISCUSSION 

The direct mixmg of the plasmas of our pa- 
bent and Alexander’s uith mubial correebon of 
the prolonged prothrombm bmes, plus the com- 
plete!} different acbon of the tv. o in the thrombo- 
plasbn generabon test mdicate that the two de- 
fects are not idenbcal Thus, a pabent diagnosed 
as hanng SPCA defiaenc}' and one diagnosed as 
ha\ang procomerbn defiaency haie different de- 
fects This throws open the whole quesbon of 
the acbon of these factors and requires that the 
hterature be re-emluated m the hght of this find- 
ing The puzzling mconsistenaes m Table I 
mth regard to thromboplasbn generabon and 
“Sbiwen” acbon are probabl} explained by 
heterogeneity of the cases 

It would be interesbng to know the effect of 
“Stypien” on the plasma of Alexander’s pabent 
The fact that "Stypien” failed to correct the de- 
fect of both our pabent and Crockett’s, yet cor- 
rected the defects of Hicks’ (16) and Jenkins' 
(38) pabents wath Factor \TI defiaency, Hjort, 
Rapaport, and Owren’s wath hy^poprocomerb- 
nemia (39) and Telfer, Denson, and Wnght’s 
wath “Prower factor” defiaenc} (23) suggests 
that'^'Stypven” might prove useful in categorizing 
bleeders wath a prolonged prothrombin bme due 
to absence of one of the "stable” factors'" 

'Tt IS of great interest that the Stuart factor is 
reqmred for "thromboplasbn” formabon in the 
thromboplasbn generabon test while SPCA is 
not"' (43) This parallels the findmg of delayed 
prothrombm ublizabon in our pabent (9, pres- 
ent paper) and normal prothrombin ublizabon m 
Alexander’s (1) '^he abnormal prothrombin 
ublizabon m our pabent is confirmed and ex- 
plained by our in vitro experiments In the ex- 
periment shown m Figure 1, thrombm evolubon 
from prothrombm of the pabent’s plasma m a 2- 
stage prothrombin assay was markedly abnormal 
unless a serum factor was added We bar e found 
also that the yueld of thrombm from parbally pun- 
fied human prothrombm (29) is proporbonal to 
the concentrabon of “Product II,” in addibonal 
experiments not included m the present com- 
mimicabon. Thus there appears to be a direct 
relabonship between Stuart factor concentrabon 
and acbvity of Product n on the one hand, and 
concentrabon of Product II and the yaeld of 
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thrombjn from prothrombin on the other The 
prothrorabm utilization defect m our patient ap- 
pears secondary to defective formation of blood 
thromboplastic activity^ 

'^c cxpcnraents with the ^vashed sediments 
(Table V) show dearlj that the Stuart factor is 
as necessary as AHF and PTC for the formation 
of the early intermediate. Product I, which ap- 
pears to unite m some manner with platelets to 
form a sedimentable thromboplastin Product II 
The sedimentable Product IT, after a nash in 
saline, gives the same normal "prothrombin 
time’ with the patient* plasma as v.^th normal 
plasma suggesting from another direction that 
the patient* defect m conv'ersioa of prothromhm 
to thrombm is the refiechon of a defect in the 
formation of a "complete blood thromboplastiiL 
The facts that u-ashed normal platelets alone do 
not correct the patient s defect while the washed 
Product 11 prepared >«th normal scrum docs 
correct it, seem to imply that the Stuart factor in 
the Product 11 sedimcnu is more closely bound 
to platelets than mere occluded plasma,-^ 

Retrospectively it would appear that the chief 
reason for the assumed identity of Factor VII 
SPCA and proconvertm has been the iNidc use 
of assaj's of the Roller (3) and Owren (4) types 
The substrate for both methods consists of plasma 
filtered through asbestos This substrate it known 
to contain most of its original prothrombin but 
has been thought to be defiaent m onlj a single 
accessory factor Alexander (43) has found that 
the plasmas of both his patient and ours ap- 
pear to lack proconvertin by the OuTcn method 
(4) while an equal mixture of the tsso has ap- 
proximate!} half the activity of normal plasma. 
This suggests that the asbestos filtration step has 
removed both SPCA and Stuart factor 
"^t 15 interesting that a Tiram extract co-factor " 
which is not the Stuart factor is depressed carl} 
in dicoumarol therapy There is a short period 
in other words earlv during dicoumarohzation 
when the prothrombin time is lengthened yet 
Factor V and prothrombin concentration are high. 
Stuart factor and PTC levels are not significant!} 
reduced and the thromboplastin generation test 
is normal Later dunng therapy (he Stuart 
factor becomes reduced along wath PTC (44-46) 
and prothrambin'^(47) 

The dicoumarol c-xpenments ruse the question 


whether the Stuart factor is identical with the 
postulated new factor, Factor X (4S) since the 
Factor X effect was first noted m dicoumarol 
plasma Factor X appears to be less stable than 
the Stuart factor since Factor X is said to disap- 
pear m a few hours at room temperature (48) 
and the Stuart factor is stable much longer under 
similar conditions Moremer Factor X in con- 
centrations \'ar>Tng bet\vecn 1 per cent and 100 
per cent is thought to affect the \*cloat} of blood 
thromboplastin formulation but not the final }icld 
(48) although m concentrations Iouxt than 1 
per cent, thromboplastin generation ma} be al 
most impossible (48) Our experiments shenv 
that the amount of coagulant actinty produced m 
the thromboplastin generation test is related di 
rectly to Stuart factor concentration It would 
appear that the Stuart factor is not the same os 
Factor X. 

The pH and storage stnbihties of Stuart fac 
tor are pronoimced for n dotting factor and almost 
identical with those shown for SVGA by dc Vnes 
Alexander and Goldstein (2) Since it has been 
demonstrated that Alexanders patient and ours 
haie different defects this poses a senous problem 
in interpretation. There arc at least two possible 
explanations for the similarity of the properties 
of SPCA and Stuart factor Either the two fac- 
tors have very simibr ph}sicaJ and chemical 
though different physiological properties, or de 
Vnes and associates (2) were measuring Stuart 
factor ID their SPCA assa) rather than the factor 
which their patient (later described) was found 
to lack It would be ■verj mtcrcsting to compare 
the results obtained if thar expenments were re 
pcated. using the genetically deficient SPCA 
plasma as the test substrate alongside the original 
assay 

'heretofore, it has been agreed that the factors 
which are dearly essential for a normal thrombo- 
plastin generation test (AHF and PTC) have no 
effect on prothrombin tune Also the stable 
factor essential for a normal prothrombin time 
(SPCA Factor VH) has beoi rccogimed as 
having an cqut\-ocal relation to thromboplastin 
generation The Stuart factor appears to be nec 
essar} for both a normal prothrombin time and 
for a normal thromboplastin gcncntion test This 
IS disturbing because the charactcnslics of Stuart 
factor cut across our usual thought categones It 
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raises the quesbon ^\hether the Stuart defect is 
not, in realitj, a double defiaencj^'' This quesbon 
cannot be answered categoncally at present, be- 
cause of the omnipresent possibihty of undescnbed 
factors Ho\\e\er, it seems unhkel} for b\o rea- 
sons It has been shown pre\nously that Stuart’s 
plasma (then thought to be SPCA-defiaent) cor- 
rects the prolonged parbal tliromboplasbn bme 
of plasmas from classic hemophilia, PTC-defi- 
cienc}, Ac-globuhn defiaencj, and PTA defi- 
cienc} (49) Alexander has shown that it also 
corrects SPCA. deficient plasma (43), and it does 
not haie the charactensbcs of Hageman factor 
(50) or Factor X (4S) The hj’pothesis of double 
defiaenc} would imply under these arcumstances 
tliat the plasma is defiaent in iwo nczu factors 
The pnnciple of economj of hj-potheses suggests 
that It might be wise to invoke only one new fac- 
tor at this bme Secondly, if the convenbonal 
genetic assumpbon that each of tliese defiaenaes 
results from a mutant gene at a speafic and umque 
locus is made, the probability of a double defi- 
aency can be shown to be exceedingly small 
It IS not possible at present to deade wath 
certamtj which of the reported cases of SPCA, 
Factor VII and proconverbn defiaency probably 
match Alexander’s pabent and which ours Re- 
tesbng all of the pabents with both the thrombo- 
plasbn gencrabon test and “Styp\en” would be 
helpful However, mutual exchange and cross- 
matching in se-veral clotbng sj stems appears to be 
the ulhmate test Of the pabents in the literature 
(other than Crockett’s), our pabent’s defect more 
nearlj resembles that of de Vnes’ pabents (15), 
StefanoMc’s (20), Newcomb’s (22) and Teller’s 
(23), the ones hawng abnormal thromboplasbn 
gencrabon tests How ea er, and this may be cru- 
aal, the Prower defect of Teller’s pabent is cor- 
rected bj "Stj-paen” m marked contrast to both 
our pabent and Crockett’s This may well mean 
tliat the Stuart and Prower defects are different 
The absence of tests wath “St}’paen” does not al- 
low one to speculate further about the others 
It IS possible iso that Quick, Pisaotta, and Hus- 
sej (13) haae cases of both Stuart factor and 
SPCA defiaenca amongst their pabents aaath pro- 
longed prothrombin bmes but shoaaang mutual cor- 
reebon At the moment, this possibihtj is ob- 
scured by the lack of two-stage prothrombin data 
as aaell as thromboplasbn generabon and "Styp- 


ven” tests We aa ould like to suggest, and are pre- 
pared to cooperate oursela es, that the avorkers w’ho 
haa’e reported cases of “stable factor’’ defiaency 
exchange laopluhzed samples of plasma and se- 
rum in an attempt to categonze these pabents 
exactl} 

CONCLUSIONS 

1 A pabent aa as re-studied aa ho had been diag- 
nosed previously as hj-poprocona erbnemia He 
had an abnormal thromboplastin generabon test, 
and his defect avas not corrected bj "Stypven ’’ 

2 The defiaent factor aaas shoaam not to be 
SPCA by cross-matching and is being called the 
Stuart jactor after the pabent’s surname 

Stuart factor has been found to be essenbal 
for the formabon of “blood thromboplasbn ’’ 

-4 Stuart factor has unusual acbons, being nec- 
essary early in “blood thromboplastin’’ formabon 
and required for optimal acbvity of brain, lung, 
and platelet thromboplasbns, cephahn and 
“Stjqiven ’’ 

-'S The concentrabon of Stuart factor has been 
found to be high early m dicoumarol therapy, de- 
spite a prolonged prothrombin bme, but to be 
diminished later 

■^6 Stuart factor is relabvely heat and pH stable 
•^7 Stuart factor can be separated from plate- 
lets by a single saline wash, but is not removed 
from the sedimentable coagulant, "Product II,’’ 
by a similar procedure 

8 Assay procedures for "proconvertin’’ and 
"Factor VH” using asbestos-adsorbed plasma 
as substrate are probably sensibve to changes in 
the levels of both SPCA and Stuart factor 
•^9 The hemorrhagic state (s) previously clas- 
sified as congemtal "hypoproconverbnemia,’’ or 
"SPCA defiaency” or ‘Tactor VII deficiency” 
are probably not idenbcal diseases There are at 
least two separable condibons included m this 
group 
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The literature is ambiguous regarding patients 
defiaent in the dotting fector vanously knovm as 
' SPCA ' '^proconvertin, and 'Factor VII " Sera 
from some patients are normal m the thrombo- 
plastin generation test those from others are ab- 
normal Viper venom corrects the dottmg de- 
fect in some cases but fails to do so in others 
Despite these contradictions, it lias been gencrallv 
assumed that the terms are synonyms for a smgle 
dotting factor with unique charactenstics 
In our preceding communicaUan on the paUent 
R S (1) previously reported bv others as by 
popTOConvertinenua. (2), we pointed out that the 
assumpticin of identity must be incorrect since 
the plasmas of our patient and the SPCA dcfi 
aent patient of Alccauder, Goldstein Landwchr, 
and Cook (3) were mutually corrective while our 
patient's plasma failed to correct that of the pa 
tient of Crockett, Shotton Craddock and Leavell 
(4) This finding implied the existence of at 
least two BaSO< adsorbable dotting factors whose 
bek prolongs the prothrombin time. We showed 
that, ID contrast to certain other cases in the 
Uterature (5-8), the defect in our patient s plasma 
could not be corrected by Russell viper venom and 
that his scruiD wns inactive in the thromboplastin 
generation test In this last respect our patient * 
defect resembled that of some of the previously 
reported cases (8-1 1) but difTcred from certain 
others (5 6 12-14) 

The factor defiaent in our patient is bang re 
ferred to as the Stuart factor after the patients 
surname We wish to craphasiic by this nomcn 
dature that Qnl> by cross matchmg his plasma 
^vlth that from other similar patients can an iden 
tit> be dcfinitcl) established The properties of 
Stuart factor and its role m blood coagubtion 
were the subject of our earlier commumcatian (1) 
In this paper the studies on the rebtii'cs of our 
patient wnB be reported Our genetic studies m 

I Present address Department of Clinical Pathology 
University of Virginia, CTharlottetrille, VIrgima. 


dicate that the 'Stuart defect is inherited as a 
bighl) penetrant, incompletdy recessive autosomal 
charactenstic/ 

materials A^'I> METIIODS 

Blood for study was obtained from certain members 
of the family on three separate occasions. On the first 
field trip blood was obtabed from the proband, his wnfe, 
and two ol bs sons On the second field trip blood was 
obtained dunng the course of a single day from alt the 
persons shown in Table I On the third tnp blood was 
obtained from the proband, his wife, and his daughter 
It was cstabluhed on the first tnp that the plasma and 
semm of the probands wife did not differ ngttificantiy 
b concentration of Stoart factor from several, pre- 
sumably nonnat laboratory workers. Heneeforth, the 
wife was used as the control lobject, b the belief that a 
field control was required to cover the manipulations of 
yeuipuncture, itansportation and storage. On all oe 
casions blood ^-as obtained by the two synnge, silicooe 
technique and was centnfoged in a portable Serrall 
centribge b nliconed cenlnfuse tubes. 

Plasma was pipetted immediately frota the centnbge 
tubes bto storage tubes prothrombin time was drtef 
mined at once on a sample and the remabder was 
Quicker frottn and stored at — 70* C The followbg day 
prothrombb broes and Stuart factor assays were per 
formed on nil samples of plasma b our own laboratory 

Serum was obtained from the members of the family 
at the same venipuncture as plasma. Whole blood was 
placed m clean, noiiHiliconed centrlfuRC tubes. Tubes 
a*erc stoppered and the blood allowed to clot, p r ccao 
tioos being taken to prevent hanolysu. The dotted blood 
Temaintd at automobile and room temperatuTt for 18 to 
21 hours before cenirifagalion, Tbc lemm u*as ex 
pressed by ceninfugalion in our own laboratory the next 
day and tested for residual prothrombin and thrombb. 
When a serum sample contained detectable prothrombb 
or ihrcmbin it was placed m a 2S* C water bath rmtH 
the dotboff time wnUi thromboplastin plus fibrmogen was 
greater than 300 seconds and it did not clot fibrinogen m 
10 minutes. This additional incubation was required b - 
only a few cases notably the probatnTs. All umples 
of serum were frozen and stored at — 20 C, bdudbg th** 
control scrum from the proband i -vrife. All thrombo- 
plastin generation f«ts were performed on the second 
and third day after obtalnbp the scrum. The same 
Al(OH) adiorbed normal plasma and 0.W per cent 
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table T 


The plcsrra and serum Stuart factor levels of fourteen members of the Stuart kindred 


Nnnber 

Relation to proband 

Per ctnt of Stnart factor 

Prothrombin Thpln 

time ceneration 

method method A> erase 

Probable cenoti'pe 

IV-28 

Proband 

o» 

0* 

0 

Homozygous abnormal 

iii-ii 

Mother 

47 

40 

44 

Heterozygous 

III-23 

Paternal uncle 

44 

45 

44 

Heterozygous 

111-25 

Paternal aunt 

S2 

37 

44 

Heterozygous 

V-37 

Son 

32 

20 

26 

Heterozygous 

V-38 

Son 

32 

22 

27 

Heterozy'gous 

V-39 

^n 

11 

31 

21 

Heterozygous 

V-40 

Son 

32 

26 

29 

Heterozygous 

\M1 

Daughter 

44 

60 

52 

Heterozy gous 

1II-3 

Maternal aunt 

100 

100 

100 

Homozygous normal 

Ill-S 

Maternal uncle 

93 

80 

86 

Homozygous normal 

III-21 

Paternal uncle 

100 

100 

100 

Homozygous normal 

IV-7 

Aunt bj marriage 

100 

100 

100 

Homozygous normal 

lV-26 

Wife 

100 

100 

100 

Homozygous normal 


* One to three per cent according to Lems, Fresh, and Ferguson (2) 


cephalin suspension (m hcu of platelets) \\ere used in 
all generation tests 

Stuart factor assais 

Plasma method The ass3> procedure w-as based on a 
companson of the correction by control and test plasma 
of the probands prolonged prothrombin tune. The 
plasma of the proband (prothrombin time 60 to 85 sec- 
onds) was the substrate for the test Normal plasma 
(prothrombm time 12 to 14 seconds) was diluted with the 
atient s plasma 1 2 through 1 16 Prothrombin tune 
IS) was determined on the ranous mixtures m tnph- 
ate and the lalucs at each dilution were averaged. A 
ilibration curve was constructed bj plotting prothrombin 
me against concentration of the Stuart factor, t c , the 
erccntagc of normal plasma in each mixture, the 1 2 
iluPon representing 100 per cent 

An unknown plasma was assa>ed after being diluted 
2 14, and 1 8 with patient’s plasma. Prothrombin 
imes were performed on each dilution in triplicate and 
veraged. Per cent Stuart factor was interpolated from 
lie calibration curve for each dilution of the unknown 
la'ma The percentage value from the 1 4 dilution was 
oubled, the value from the 1 8 dilution quadrupled, and 
oth were averaged wnth the value from the 1 2 dilu- 
lon. The final average value for each plasma is shown 
1 Table I 

The arbitrary 100 per cent value in this test is actuallj 
quivalent to SO per cent Stuart factor An unknown 
lasma with SO per cent Stuart factor is, therefore, one 
■ hich diluted 1 2 with Stuarts plasma, has a clotting 
me equal to that of the normal control diluted 1 4 
A typical dilution curve on normal plasma, November 
7, 1955 was as follows I 2(100%)-144 secs, I 4 
S0rc)-16i secs, 1 8(2S%)-19 6 secs, 1 16(lZ,5<ro)- 
4 secs ) 

Serum method The Stuart factor content of an un- 
known serum was determmed m the thromboplastm gen- 


eration test (16) after it had been established tliat the 
proband's serum was only about as effective as saline in 
this test (1) Normal serum was diluted in a serial two- 
fold fashion 1 2 through 1 8 with proband’s serum pnor 
to diluting 1 10 wnth normal saline for use as the serum 
source in the generation test The cabbrabon curve was 
constructed b) plotting the mimmum clotting time at 
each dilution (at whatever mcubation time) against Stuart 
factor concentration, i f , the per cent normal serum in 
the mixture. 

Unknown sera were assajed by diluting 1 2, 1 4, and 
1 8 with patient’s serum then 1 10 witli sabne and 
determining the minimum clotting time in the thrombo- 
plastin generation test (at whatever incubation time) 
Per cent Stuart factor in each dilution of each unknown 
was determmed b> interpolation from the calibration 
curve. The percentage Stuart factor obtamed at the 1 4 
dilution was multiphed by 2 and that at 1 8 by 4 All 
three percentage values were averaged and are the aver- 
ages shown in Table I 

In this assaj the 1 2 dilution of normal serum with 
patient's serum was arbitranly designated 100 per cent 
on the calibration curve. A value of 50 per cent or less 
for an unknown serum implies that it had the same or 
less activat} than normal plasma earned one dilution step 
further (A typical dilution curve of control scrum with 
patients serum on November 29, 1955, showed the follow- 
ing minimum clotting times 1 2(1009ii)-14 5 secs, 1 4 
(507o)-17 secs, 1 8(2S7o)-22 secs) 

PEDIGREE 

The proband belongs to a large kindred living 
in the Blue Ridge mountains of the northwestern 
comer of North Carolina and nearby southwestern 
Virginia Information was obtained on 164 mem- 
bers of the family, approximately 100 still reside 
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withm a 30-nule radius of West Jefferson North 
Carolina. 

The pedigree is shown m Figure 1 The pro- 
band (IV-28) a moderately severe bleeder and 
symptomatic since birth, had not required trans 
fusions unbl December, 1955, at age 36 Hjs rela 
tives were quite dogmatic that only he should be 
considered a bleeder Qoscr questioning of his 
wife however disclosed that one of his sons 
(V 39) seemed to have unusually frequent nose- 
bleeds, and that the buttocks of fus daughter 
(V-41) often showed persistent bruises after dis- 
aphnaiy spankmg No history of even a mild 
bleeding tendency could be cliatcd from other 
members of the kindred 

The proband works as a tenant farmer, farm 
laborer and lay preacher m the periods between 
hemorrhagic crises, never dangerous until the 
latest one. Exacerbations have been of such 
frequency and irregularity that he has been unable 
to retain regular employment and has found it 
difficult to support bis family His chief symptoms 
hsL\ e been excessive bleeding from small cuts ck: 
casional hemarthoscs and persistent anemia- 

It can be seen in Figure I t6at our probancf was 
bom of a consanguineous union His mother 
(mil) and faUier (m 12) were related lo 
each other as aunt and nephew a not unknown 
mating type 40 years ago in this isobted mountain 


area- It should be noted also that there is an 
other but less close consangmneous mating m the 
pedigree (HI 5 to IV-7) m which the abnormal 
genes were probably absent as judged by assa) 
procedures and 13 apparently normal cluldrcn- 
We assayed for the Stnart factor both plasma 
and serum from the 14 persons needed to estab- 
lish a genetic hypothesis Those available m 
eluded the proband s mother children and wife, 
t^vo of the mother s sibUngs and three siblings of 
his deceased father The results arc shown in 
Table I It can be seen that the levels of Stuart 
factor found mth the hvo procedures agree fairb 
well If the \Tilues from the two proc^ures arc 
averaged thc\ hu clcarl> mto three distinct 
groups There u an intermediate class between 
the vety low le\cl of the proband (1 to 3 per cent 
according to Lewis and associates [2]) and the 
normal persons, such as his wife The mean \aluc 
for Stuart factor m this intermediate group is 
36 per cent with ^ standard deviation of 96 per 
cent It IS logical therefore, to hypothesize that 
the proband is homozygous for an abnormal au 
tosomal gene, that the miermediate class is beter 
oxygons and (hat the persons with hormal IcmiIs 
arc homozj'gous rujrrnal 
This hypothesis can be tested for internal con 
sistcncy by analyzing the distribution of the heter- 
ozygous and normal indmduals 
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1 The mother of the proband, all his children 
and ti\o siblings of his (deceased) father 
are heteroz} gous as classified bj our tests 

2 Both father and mother of the proband ha\ e 
normal siblings 

3 The proband’s N\afe is normal, and there are 
no homoz)gous children 

4 The heterozygous siblings of the proband’s 
father, who did not mate consangmneously , 
do not ha\ e clinically affected children 

All these facts are consistent wnth the hypothesis 
that the proband is homozygous for an incom- 
pletely recessl^e autosomal gene {st/st), his 
mother, two of his father’s siblings and all his 
children are heterozygous (^Sl/st), and his ma- 
ternal aunt, maternal uncle, paternal uncle, aunt 
by mamage and wufe are homozygous normal 
(St/Si) 

Another hypothesis which might fit these data 
IS that an autosomal gene for the Stuart defect 
IS completely expressed in some individuals in the 
heterozygous condition (the proband) but very 
slightly expressed in others (his mother and 
children) This can be rejected by obseiAung that 
all five of the proband’s children w ould be required 
to have received the abnormal gene from their 
father If his wafe, genebcally unrelated and 
normal by test, were m fact normal (a reasonable 
assumption), the probability that every' child of 
a heterozygote also would be heterozygous is 1 in 
32 or between 3 per cent and 4 per cent, a suffi- 
acntly low probability' for rejection 

A sex linkage hypothesis can be excluded by 
noting that the mother and all the children of the 
proband, four of whom are males, have a rmld 
form of the condition which is severe in him, and 
that his wife is normal It is interesting in this 
connecbon to note the family history' of another 
case of Stuart factor defiaency , H H , prev'iously 
reported as a case of congemtal hypoprothrombine- 
mia by Crockett and associates (4) and shown to 
hav e Stuart factor defiaency in our earlier publi- 
cation (1) This second pabent is female and 
her father, mother, and sister appeared normal 
clinically 

Our hypothesis implies that in the Stuart kin- 
dred the sisters, III-l and III-ll, were probably 
heterozygous at an autosomal locus and that the 


man, now deceased, w'ho was III-Ts son and 
III-lTs husband was also heterozygous The 
consanguineous mabng of III-ll and III-12 pro- 
duced at least one homozygote, the proband (W- 
2S) No conclusions can be drawn about the pro- 
band’s siblings since two died in infancy and the 
third died of a cerebral v'asailar acadent which 
imght have resulted either from hemorrhage or 
thrombosis 

Under our hypothesis, one-half of the members 
of generabon III and all of the proband’s children 
should be heterozygous Reference to Figure 1 
wall show that this predicbon is borne out pre- 
asely' Six members of the third generabon and 
all the children were tested Three of the six 
adults were clearly' heterozy'gous as were all the 
children These facts mean that, assuming our 
hypothesis to be correct, the abnormal gene is 
not only incompletely recessive but is also highly 
penetrant 

Finally , it should be noted that the persons wath 
intermediate levels of the Stuart factor and scored 
as heterozygous, had 1% to 3-second prolongations 
in the classical prothrombin bme test and mini- 
mum clotbng bmes in the roubne thromboplasbn 
generabon test (serum phase) 2 to 3 seconds 
longer than control sera 

DISCUSSION 

'^he data outlined above estabhsh beyond rea- 
sonable doubt that Stuart factor deficiency is in- 
hented in this pedigree in an incompletely reces- 
sive autosomal fashion, expressed in its most se- 
vere form in the homozygote'' The homozy'gote 
has only a moderately severe hemorrhagic diathe- 
sis as was pointed out earlier by Lewis, Fresh, 
and Ferguson (2) “^The heterozygotes consider 
themselves normal, but close questioning discloses 
that some have a mild tendency to bleed exces- 
sively It IS of interest that heterozygosity for 
this mutation can be detected by appropriate tests ^ 
From the theorebcal standpoint this finding il- 
lustrates again the axiom that every gene has an 
effect and implies that gene frequency studies 
based on heterozygote counts are possible The 
data of Bnnk and Kingsley (17, 18) and Lewis 
and Ferguson (19) showing similar effects in 
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persons heterozygous for Factor V defiaenq 
have, perhaps similar iraplicatioiis 

From the practical standpoint, our data (and 
the data on Factor V) imply as Quick has frc 
qucntly reiterated (see 20), that a 1% to 
S-second prolongation of the prothrombin time 
should not be shrugged off automatically as a 
vagary of the one-stage provided that it occurs 
consistently and that the control Is reproducible 
from day to-day , rvc would add that a similar oc- 
currence with the thromboplastin generation test 
may have a similar significance. The observer 
may be dealmg m either instance with an mdi 
vidual heterozygous for an abnormal gene affect 
mg one or another of the prothrombin accessory 
factors The obvious conclusion is that all such 
plasmas should be assayed speafically for the pos 
sible defiacnaes 

The fact that the heterozygotes m the Stuart 
kindred did not consider themselves symptomatic 
does not imply that this is always true. We have 
recently studied another kindred reputed to be 
female bleeders We discovered that roughly 
half the females exairuned had 1 to S-second pro- 
longaticms of plasma prothrombin time and 40 to 
60 per cent Stuart factor levels as measured by the 
assays used in the present commumcation These 
women were known to be bad operabre nsks b} 
their physicians and to be persistently anemic, pre- 
sumably because of menorrhagia since their ane- 
mia improved during pregnancy and after meno- 
pause. The frequency of the mild disorder in the 
family and the intermediate Stuart factor levels 
led 05 to conclude that the pabents were heierozy 
gous 

If the three pabents of de Vnes Kettenborg 
and van der Pol (9) wth abnormal thrombo- 
plastin gcncrabon tests had Stuart factor defi 
acn^ they were probably heterozygous also 
judging from thar prothrorabm bmes It is of 
interest that all three of these pabents were males 
Their prescnbng ^Tnptoms, gastrointcsbml bleed 
ing are not surpnsing m view of the \vell-known 
excess (4 1) of gastroduodenal ulcer in males. 
Nevertheless because of menstruabon in ^sTiracn 
and the increased frequency of operabons it seems 
Ukclj that more women than men heterozygous 
for the autosoraally transmitted dotbng dj-scrasias 


utH be referred to the laboratory as doubtful 
bleeders 

One member of the Stuart kmdred III 5 ere 
ated a dassificabon problem Howeser he was 
scored as normal since his Stuart factor lc^’el 
(86 per cent) ^vas more than 3 standard dc\4abons 
greater than the mean of the indubitable hetcroz) 
gotes This conclusion could hax'c been tested 
ftirther by c-Narmning his 13 children as half of 
them would be expected to be heterozygous un 
der our hypothesis if the father were in fact hetcr 
ozygous These studies were not carried out 
pnmani) because whether or not he is heteroz) 
gous docs not affect the mam hypothesis Alw 
smee he lives 200 miles from our laboratory m a 
remote mountain area, tcsbng all his children 
m the field consbtutes a separate enterprise 
However study of his descendants is intended 
eventually since it is of more than passing in 
tercst to disco\*cr vihether heterozygosity for the 
Stuart defect can be present in a person with a 
normal le%el of Stuart factor Wc havt also not 
yet attempted to study the tummer rate of Uic 
Stuart factor m the proband or the steady state 
rcJabonships m the hetcrozygotes It is anha 
pated that these studies mil be performed in the 
future. 

A rough calcubbon of the frequetKy^ of the ab- 
normal Stuart gene mil be made because it cm 
phasizes our point about consistently prolonged 
prothrombin times Wc are avrare of only one 
Imng homorygote for Stuart factor deficiency in 
North Carolina m a popubbon of some%vhat more 
than 4 000 000 a frequency of about 00000025 
However Lems Fresh, and Ferguson (2) stud 
led another now deceased and Crockett and as- 
sociates (4) studied an identical pabent m Vir 
gmia If this frequency figure is quadrupled to 
compensate for mcompletc ascertainment, it should 
give a probcblc upper /imtt of the frequcn«y 
(OOOOOl) Then if the Hardy-Wcinbcrg con 
diUons are assumed to apply the upper limit of the 
gene frequency can be csbmated cffiacntly *vs the 
square root of the frequency of the homozygous 
ebss or 

q = V OOOOOl = 001 

Then the frequemyr of the normal allele can be ob- 
tained as p= (I-q) or (1 001) = ami the 
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frcquencv of hetcrozj gotes as 

2pq = 2(599)(001) = 0019 

or about 2/1,000^'^This surpnsmglj high heter- 
ozjgotc {requeue) imphes that if one sur\e)ed a 
random population of North Carolinians by the 
prothrombin time test he might encounter as man\ 
as tw o persons in each thousand w ith prothrombin 
time consistent!) prolonged to 3 seconds iihere 
the prolongation resulted from heterozjgosit) for 
Stuart factor defiaenc) '' 

'^Finall), the demonstration that the abnormal 
autosomal gene for Stuart factor defiaenc) is in- 
complete!) recessi\e imphes that the normal allele 
is incomplete!) dominant This means biochemi- 
call) eiUier that a single normal allele at the 
Stuart locus does not furnish enough enzymatic 
aebnt) or substrate at some point in the syn- 
thetic metabolic pathwa) to maintain the le\el 
of tlie factor at that of "w ild t)’pe or that the mu- 
tant gene inhibits some step (21) The normal 
allele at this locus is therefore, m its overall effect, 
like that for Factor V in some pedigrees (18, 19), 
some pedigrees of Chnstmas disease (22, 23), and 
some pedigrees of mild hemophilia (24), and 
unlike the allele for classic hemophilia'’ (22, 23, 
25) 

SUMMARY 

1 Stuart factor defiacncy, reccntl) segregated 
from the heterogeneous group of hemorrhagic 
states known \’anously as SPCA, proconvertin or 
Factor VII defiaenc), has been studied in a large 
North Carolina kindred and shown to be '^in- 
herited as a lughly penetrant but incompletely 
recessu e autosomal charactensbc 
'’2 The heteroz) gotes have been found to be 
onl) mildl) affected or normal chnicallv but to 
have iy_ to 3-second prolongations of the pro- 
thrombin time and thromboplastin generation 
tests These effects are, presumabl), due to the 
reduction m the level of this factor to a mean of 
36 per cent m the range 20 to 52 per cent ' 

•^3 It IS pointed out that earner detection ma) be 
possible m manv instances w ith fairl) simple tests 
It IS emphasized that heterozv gotes for the 
vanous hemorrhagic states, espeaall) females. 


mav be encountered as patients vnth abnormal 
operative bleeding, persistent gastro-intestinal 
bleeding or menorrhagia vnth persistent anemia 
Such S)miptoms, in the absence of clean-cut labora- 
tor) evudence, however, should not be assumed to 
represent heteroz)gosit) 
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In addition to protiding informabon wth re- 
gard to the status of carboh} drate metabohsm, the 
time course of the disappearance of injected glu- 
cose from the blood stream offers information 
concerning the oierall effectiveness of a vanet} 
of phj siological mechanisms inv oK ed in maintain- 
ing homeostasis In a number of investigations, 
reduction in glucose tolerance, j e , a slow er rate 
of return to fasting lev els of blood sugar following 
the oral (1-17) or intravenous (18-20) adminis- 
tration of glucose, has been reported in older 
people The diminished glucose tolerance in the 
older indivndual might be due to (a) inadequate 
release of insulin from the pancreas, or greater 
inactivation of endogenously released insulin, (b) 
the loss of functioning protoplasm with increas- 
ing age so that less metabolizing tissue is remov- 
ing glucose from the blood, (c) a diminution in 
the effectiveness of the metabolic processes in- 
volved in the removal of sugar from the blood 
stream, (d) alterations in the rate of release of 
glucose from the liver, or (c) a reduction in the 
volume in which the glucose is onginallj distrib- 
uted in the aged By companng the glucose and 
ghicose-insuhn tolerance tests in the same indi- 
vidual, an estimate of the effect of insulin may be 
obtained (21-27) In the expenments to be re- 
ported standard amounts of insuhn w ere adminis- 
tered along with glucose to both old and >oung 
subjects with the aim of investigating age differ- 
ences in the response to the insuhn 

EXPERIVIENTAL METHODS 

Subject sclcetion Thirty-five male subjects, age 23 to 
S6 jears, were selected on the basis of a detailed history, 
phvsical examination and a senes of laboratory tests 
The presence of any of the following served to exclude 

1 Present address Maimomdes Hospital, Brooklyn, 
New York. 

' Present address Presbyterian Hospital, New York, 
Ne\ Tork. 


a subject from the studj (a) histoo or known evn- 
dence of diabetes or gljcosuna (b) severe alcoholism, 
hepatomegaly, arrhosis or other liver disease, (c) 
cardiac decompensation or edema, (d) infections, tem- 
perature elevation or acute or chronic trauma (including 
surgical) wnthin one week of test, or (e) the taking of 
steroid drugs (other medication such as aspinn was 
omitted for 12 hours preceding the tests) All were 
ambulatory in-patients on a routine full hospital diet for 
at least one week Fasting blood sugars were within 
normal limits (27, 28) as shown in Table I 

Experimental procedure The intravenous glucose 
tolerance test (GTT) and tlie glucose insulin tolerance 
test (GITT) were performed in each subject under 
basal conditions and separated by an interval of not less 
than one week In 8 of the subjects, each of the tests 
(GTT and GITT) was earned out twice in order to 
evaluate reliability 

Twenty minutes before either test was begun, a modified 
Lindeman needle was placed in an antecubital vein and 
left m place for the duration of the test. The needle 
was kept patent by hcpannization of the stylus and was 
used subsequently only for withdrawing blood speamens 
wuthout a tourniquet (29) A vein in the opposite arm 
was used for the injection of 50 ml of SO per cent glu- 
cose in water over a penod of two minutes For tlie 
GITT, 5 units of hyperglycemic factor-free insulm * 
(Lilly), per square meter of body surface area, were 
rapidly injected, followed immediately by tlie standard 
amount of glucose. The fasting blood specimen was 
obtained through the Lindeman needle a few minutes 
before zero time, which was recorded as the beginning 
of the injection of glucose. 

Blood samples were collected at S-minute intervals for 
the first hour and at 20 minute intervals during the sec- 
ond hour, and were placed immediately in tubes con- 
taming a dned hepann and sodium fluonde mixture 
All analyses were completed the day of the test, using 
the Nelson-Somogyt method (30) Determinations were 
m duplicate and were read on a Model DU Beckman 
Spectrophotometer 

Data analysis For each tolerance test, the observa- 
tions obtained between 10 and 60 minutes of the expen- 
ment were fitted to the equation log.y = log. A — kt (y = 
Ae'**) where y' is the blood glucose concentration m 

s We are indebted to Dr W R. Kirtley of Eh Lilly and 
Company for supplymg us wuth HGF free Z I C 40 units 
per ml 
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TABLE I 

Sutatct cimrtuttruUa 


VwUidft 


N 


Ate {yrt ) 

Mean 

Range 

Height (cm ) 

Mean 


Range 

Weight (Kt) 

Mean 

Range 

Surface area (Af*) 

Mean 

Range 

Fasting blood glucose* 

Mean 

Range 

Glucose administered 

Mean 

OK«M 

Rairge 


A*fl gnj o p 


VOOQX 

Middle 

Old 

ToUl 

12 

U 

12 

35 

313 

491 

78 7 

S3 

23 

41 

65 

23 

37 

58 

87 

87 

175^ 

174 4 

162.6 

170 8 

20 

27 


2J2 

165 7 

165 1 

143.5 

143.5 

1854 

186.7 

1714 

186 7 

710 

646 

66.8 

67.5 

2.4 

3.5 

39 


57.3 

52.0 

45 1 

45J 

850 

92,7 

£82 

92.7 

183 

1 77 

1 70 

1 77 

033 

047 

060 

040 

167 

US 

1 39 

1.39 

200 

2X)8 

200 

2 03 

680 

78.5 

850 

77 1 

19 

20 

2.3 

2 1 

60 

64 

70 

60 

n 

90 

97 

97 

.356 

397 


.381 

j0t2 

016 

024 

J720 

294 

270 

283 

270 

436 

454 


JS4 


• Mean of control obKrrabotu on clocoee and Elocow-iimilin tau. 


milllgnma per 100 wL and t U tone In onratej, follow 
fan the faiectjon of the ghioose load The method of 
Jeart Kparej (31) war trtilired for the compotabon ol 
A and k for each experiment The value af I- ™ 
as the fadex of tolerance for this stndy The diliermee 
between the k for the glucose (k.) ^ ® 

mmlta test (U,) is caUed 4 k and ^ 
of the response to msahn m ench subject Visual 6U to 
plots of log of the glucose level against tlra were also 
made and compared svith the least squat m fitting 

Age changes m the daU were evaluated by deUnnfa 
mg the regression of the derived measores on 
also by comparing mean value, for farm 
(12 mbiects. age 20 to 39 years) ra ddle (II 
ige 40 to 59 years) and old (12 subjects, age 60 to 90 
ytar») 


results 

CharaclcTTcaltort of the subjects 

No stentficant (P=>010) 
fotind among the three age gre^ 
body weight surface area or dose of gIuco« ^ 
Kc of body weight (Table I) A sma 
statistically sigiulicant mcrease in fasbng fcnou 


blood sugar levels wnth age was observed m this 
sample. 

RebaUtUy oj tncOwdi 

The standard deviation of repeated glucose de- 
terminations on a single filtrate was fall mg per 
cent (N = 58) Comparing Mo filtrates, pre- 
pared from the same blood sample the standard 
demauon was 2 1 mg per cent (N = 53) 

There mas no systemauc difference between 
fasting blood sugar levels determined on the 
same mdindual on different ffajs The standard 
error of estunate bctwvwi measurements made on 
the first and second days was fa 6 J mg per KM 
ml ' 

In the 8 subjects (4 old and 4 middlc-agcd) 
who had duplicate glucose tolerance and glucose- 
insuUn tolerance tests no significant differences 
occurred between tlie results of the first and sec 
ond tests with respect to k<i or tun The duph 
4 Mean values are reported wifa standard errors ol the 
mean. 
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Fig 1 Li tiar Plots of Ai’erace Blood Sugar Val- 
les (mg per 100 ML.) AT Each Time Interval (min ) 
Followtnc the Intravenous Adnonistration of 25 
Gm Glucose for Each of Three Ace Groups 
Glucose tolerance (GTT) open aides, glucose plus 
5 units insulin per sq M surface area (GITT) closed 
aides old subjects (65 to 87 jears old) dotted lines 
middle aged subjects (42 to 58 jears old) dashed lines, 
and joung subjects (23 to 37 jears old) solid lines 

cate tests vtere not performed m any speafic or- 
der, the lapse of time between tests ^ned from 
one week to three months In contrast to results 
reported by Hlad, EInck, and Witten (32) val- 
ues for ko or kci were repeatable and character- 
istic for the individual 

General descriplwn of restills 

Average iralues of blood sugar concentration at 
each time interval, followang the administration 
of glucose, are plotted for each of the three age 



Fig. 2. Estimation of kq A' d Koi in Individual 
Experiments 

Log glucose concentration in blood (mg per 100 ml ) 
plotted against tune (mm.) A. Yotmg subject (26-jrear- 
old) B Old subject (86-j ear-old) Upper Unes (open 
aides) represent data from GTT, lovfcr Imes (solid 
arcles) represent data from GITT 


groups in Figure 1 The rate of fall in blood glu- 
cose level was greater for the young than for the 
old subjects under both expenmental conditions 
\\nien tests of significance of age differences vv ere 
applied to speafic time points along the glucose 
or glucose-insulin tolerance curvies, true differ- 
ences (P < 0 001 ) vv ere found between young and 
old subjects at 15, 30, and 60 minutes after in- 
jection of the glucose Differences over shorter 
age spans, i c , betvv een j oung and middle, and 
middle and old subjects, were usuallv significant 
at P < 0 01 or P < 0 05 



Fig 3 Ace Difference in Ko and koi 

Plots of log glucose concentration in the blood (mg per 
100 ml) against time (min) following intravenous ad- 
mmistrahon of 25 Gm. glucose. Glucose tolerance (GTT) 
open arcles , glucose plus 5 umts insulin per M ’ sur- 
face area (GITT) solid aides, old subjects (65 to 87 
jears old) dotted hnes, middle aged subjects (42 to 58 
years old) dashed lines, and young subjects (23 to 37 
years old) solid Imes (Lines arc fitted to points for 
10 to 60 mm mdusive.) 

Age differences in rate of disappearance of glu- 
cose from the blood 

\\Tien the log glucose concentration was plotted 
against time, a linear relationship was obtained for 
tlie points between ten and 50 to 60 minutes 
Sample plots for a young (26-year-old) and an 
old (86-year-old) subject are shown in Figure 
2 A and 2B Figure 3 shows the log of the mean 
glucose values for the three groups of 8 subjects, 
plotted against time after glucose administration 
Deviations from hneanty are apparent in all 
curves beyond 50 or 60 minutes Therefore, the 
expression log^v = logeA — kt fails to desenbe the 
total process, but may be used to denve an index 
of the rate of disappearance of glucose from the 
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TABLE \ 

Rale of duappeararce of glucose from the blood ■xith (kci) and without tnstihn (fa) 

(k expressed as per ccrl per minute) 

\ tnouJ blood Arterial blood* 


Gluccw Glnco^lneuUn Did Glucose 

(ko) (tor) (At) (to) 


Ak ir&ap 

N 

Mn. 

•■m*. 

Mn, 


Mn. 


N 

Mn 


Yount; 

12 

1 6S 

19 

6 39 

60 

4 12 

59 

13 

194 

20 

Middle 

11 

1 44 

21 

3 61 

25 

2 17 

26 

13 

1 61 

09 

Old 

12 

0 98 

OS 

2 49 

02 

1 52 

17 

38 

1 28 

06 

Total 

35 

1 37 

11 

4 15 

11 

2 62 

09 

64 

148 

07 


* Data from Smith and Shock (19) recalculated 


blood dunng the first 50 to 60 minutes of the ex- 
periment Examination of Figure 3 shows that 
(a) the carl} rate of disappearance of excess of 
glucose from the blood was more rapid in the 
young than the old, (b) the rate of disappearance 
ivas increased in all age groups by the simultane- 
ous administration of insulin, and (c) the influ- 
ence of insulin was greater m tlie } oung than the 
old subjects 

Computations by the method of least squares 
of the slope for each mdmdual test provided data 
for estimates of the i-anabilit} of k wathin each 
age group Tables II, III, and IV present the 
\'alues of k for both the GTT and the GITT with 
increasing age A\erage values of k, expressed 
as per cent per minute, for the young and old, 
respectii el\ , were as follows kc, 168 and 058, 
kci, 6 39 and 2 49, and A k (koi — kc), 4 12 and 
1 52 Values of P were less than 0 01 for these 
age differences Regressions of k on age were 
significant at the 0 01 leiel for kc and at less 
than 0 001 for kci and A k The effect of insulin 
m the aieragc adult male was to increase the rate 
of fall m blood glucose lei el from 1 37 per cent 
per minute to 4 15 per cent per minute 

DISCUSSION 

Subject selection — Activity and diet 

Since age differences m glucose tolerance are 
relatii el} small, it is necessan to gii c careful con- 
sideration to the selection of subjects In order 
to minimme the effects of pnor diet, which has 
been shown to ha\e an influence on the glucose 
tolerance (33-36), onh subjects who had been 
on a standard hospital diet for at least one week 
w ere tested m the present senes 


Since reduced actiiaty has been shown to re- 
duce glucose tolerance (36, 37), onl} ambulatory 
patients W'ere studied The young subjects w'ere 
also patients drawn from an ambulatory in- 
hospital population Thus, the level of activity 
was probably more uniform between the different 
age groups than would haie been the case had 
staff members been used for the younger age 
groups 

Dose of glucose and insulin 

Although different amounts of glucose have 
been used by prenous investigators, recent stud- 
ies have shown that adjustment of the dose of 
glucose to body size is unnecessary (18, 28, 38) 
Consequently, a standard dose of 25 Gm of glu- 
cose was administered at a uniform rate (18, 38) 
to all subjects m the present study The glucose 
load TOned from 0 57 Gm per Kg to 0 27 Gm per 
Kg in different subjects, but there were no sys- 
tematic differences between age groups (Table I) 
The dose of insulin was set at 5 units per Mn 
which is approximately 0 1 unit per Kg body 
weight Expenmental studies (22-24, 27, 39-41) 
indicate that insubn gives a maximum effect on 
rate response at dose levels of 0 05 umt per Kg 
and up to 0 3 unit per Kg The effect of differ- 
ences m endogenous insulin production would be 
obhterated at this dose range of injected insulin 

Comparison of venous and arterial blood samples 

Nelson’s modification of the Somogyi method 
(30) was used for sugar determination m this 
study in order to minimize the effects of non- 
fermentable reduang substances (42, 43) The 
use of V enous blood samples in conjunction with an 
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indwtlhng needle has the advantages of good pa 
ticnt acccptabihty and a minimum of patient 
trauma (44-46) Although the differences be 
t^Neen artenal and venous blood glucose levels arc 
small under fasting conditions (artenal bloods 
average 9 rag per 100 ml higher than venous) 
there is a %ndc range of individual vanation (1 to 
17 mg per 100 ml m normal subjects) and the 
difference increases markedly (average 30 to 43 
mg per 100 ml ) following the administration of 
glucose (43 47) Smee Blotncr (37) has found 
that glucose tolerance determined on venous blood 
samples ^\'as influenced less by physical activity 
in both children and adults than were estunates 
denved from capillarj blood samples it follous 
that the use of venous blood might be a more ade- 
quate test of age differences in glucose tolerance 
Since previoub studies of glucose tolerance 
from this laboratory v,ere based on artenal blood 
samples (19) the data were fitted to the tolerance 
equation A total of 64 subjects divided into 
three age groups were tested under condmons 
closely approximating the present study except 
that blood samples uere drawn from the femoral 
artery (19) Insulm was not gnea Table V 
gives the k values based on artenal blood sam 
pies • As was true for venous blood samples 
there was a sigmficant decrement in ko with in 
creasing age. However the trend to\N'ard in 
creasing fasting blood sugar levels with age found 
in the present study on venous blood and in the 
report on capillary blood b} Schneeberg and 
IPinrstone (20) was not apparent in artenal 
blood 


The tolerance equation 

One Simple expression which can serve to ex 
press the rate of disappearance of glucose from 

» Arterial k Taluc* were based OQ a vi*tal fit A conn 
pariKm between the derlTaUom of k by least Kuarcs ^ 
graphic eitlnutes made from a risnally fittrf 1^* 
the venous data, gave mean valoe* of 137 (k X 
both method* for the GTT (r = 0^) For GITT 
the mean value of k by the least 
415 as compared to 439 by the visual method (r-0^> 
Age did not bifloencc the correlation 

Thn* a vUoal fit to the data yields ^ 

*ame result* a* analy*!* by least square^ 
latter pemiU a quantitative itatemcnt of 
of fit" of the equation. This 1* n 

visual method above « used Age did not influence the 

goodness of fit 


the blood, as a single number is the equation 
= logtA. — kt (48-51) If one assumes 
that no distmction is made between the glucose 
added to the blood from an external source and 
the glucose added by the Iner or other cells of 
the body the estimates of the slope of the cnn'c 
must be made on the total glucose content at suc- 
cessive time intervals This assumption maj be 
applied safely only to the earl) parts of the curve 
smcc It IS obvious that alterations in the glucose 
concentration will be introduced by other processes 
in the bod) which tend to add glucose to the ar 
dilation particularly when blood sugar le\els 
fall to low values as m the case when insulm is 
admimstcred Grcvillc (50) as well as Hlad 
Elnck and Witten (32) found that subtraction of 
a calcobtcd asymptotic value of blood sugar level 
resulted m a somewhat better fit to glucose tolcr 
ance data bc) ond 90 minutes In this study where 
curves were limited to the first 60 minutes the fit 
WTis \cry good the introduction of an as)'mptotc 
had only a small insignificant effect on goodness of 
fit Furthermore the use of an as>’mptote ga%c 
nse to difficulties m companng the OTT and the 
GITT since subtraction of a calculated asjnip- 
tote for the glucose*msulin cones often rciultcd 
m values less than rcro Although the value of 
k IS related to the Ic\el of the as)*mptote, both 
parameters are determined by the same set of ex 
penmcntal points 

In agreement with other studies (49-51) tlie 
blood glucose lc\cl at 5 mmutea fol!o^vlng the in 
jection was found to bc higher than predicted 
from the exponential curve suggesting an inter 
acbon wnth the carl) cxtra'CclluJar mixing phase 
B> 10 minutes after the glucose injection the mix 
jDg phase 15 indistinguishable from the body of 
thccun*e. Conard Franckson Bastcnie Kestens 
and Koracs (52) injected glucose and thiocj-anafe 
simultaneously and found a thiocyanate space of 
1431 L. and a glucose space of 14 01 L. In our 
expenments the average glucose space was 14 1 
L. or 22 per cent of the bod\ weight Tins value 
IS onl> shghti) low-er than the glucose space 
(233 per cent of bodv weight) reported b> 
Hlad, Elnck and Witten (32) on the basis of 
continuous infusions of glucose Smcc there 
are no significant changes mth age in the thioim 
nate space (53) It appears that the \*ahici of k 
arc determined by the distnbulion of glucose in 
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TABLE A 

Rate of disappcararce of glucose from the blood vnth {koi) and mthout snsuhn {fa) 
{k expressed as per cent per minute) 


Apt ptoup 

N 



\ eQOQS blood 



Arterial blood* 

Glacose 

(ka) 

Glacose-Insulln 

oil) 

Dlff 

(AL) 

N 

Glucose 

Oo) 

Mn. 


Mn 


Mn 


Mn. 


Youne 

12 

1 6S 

19 

6 39 

60 

4 12 

59 

13 

1 94 

20 

Middle 

11 

1 44 

21 

3 61 

25 

2 17 

26 

13 

1 61 

09 

Old 

12 

0 98 

OS 

2 49 

02 

1 52 

17 

38 

1 28 

06 

Total 

35 

1 37 

11 

4 15 

11 

2 62 

09 

64 

1 48 

07 


* Data from Smith and Shock (19) recalculated 


blood dunng the first 50 to 60 minutes of the ex- 
penment Examination of Figure 3 shows that 
(a) the earl} rate of disappearance of excess of 
glucose from the blood was more rapid m the 
young than the old, (b) the rate of disappearance 
was increased in all age groups by the simultane- 
ous administration of msuhn, and (c) the influ- 
ence of msuhn was greater m the young than the 
old subjects 

Computations b} the method of least squares 
of the slope for each individual test provided data 
for estimates of the vanabiht} of k within each 
age group Tables II, III, and IV present the 
^•alucs of k for both the GTT and the GITT wuth 
increasing age A\erage iTilues of k, expressed 
as per cent per minute, for the young and old, 
respcctuel}, were as follows kc, 168 and 058, 
kn, 6 39 and 2 49, and A k (k<ji — ko), 4 12 and 
1 52 Values of P were less than 0 01 for these 
age differences Regressions of k on age were 
significant at the 001 le^el for ko and at less 
than 0 001 for kci and A k The effect of insulin 
m the a\ erage adult male w as to increase the rate 
of fall m blood glucose le\el from 1 37 per cent 
per minute to 4 15 per cent per minute 

DISCUSSION 

Subject selection — Actiz’ity and diet 

Since age differences m glucose tolerance are 
relatii cly small, it is necessaty to give careful con- 
sideration to the selection of subjects In order 
to minimize the effects of pnor diet, which has 
been shown to ha\e an influence on the glucose 
tolerance (33-36), onl} subjects who had been 
on a standard hospital diet for at least one week 
were tested in the present senes 


Since reduced acbvity has been shown to re- 
duce glucose tolerance (36, 37), only ambulatory 
patients were studied The young subjects w'ere 
also patients draw’n from an ambulatory in- 
hospital population Thus, the level of activity 
w'as probably more uniform behveen the different 
age groups than would have been the case had 
staff members been used for the younger age 
groups 

Dose of glucose and visttlm 

Although different amounts of glucose have 
been used by previous investigators, recent stud- 
ies have shoivn that adjustment of the dose of 
glucose to body size is unnecessary (18, 28, 38) 
Consequently, a standard dose of 25 Gm of glu- 
cose W'as administered at a uniform rate (18, 38) 
to all subjects in the present study The glucose 
load ^'a^ed from 0 57 Gm per Kg to 057 Gm per 
Kg m different subjects, but there were no sys- 
tematic differences between age groups (Table I) 
The dose of msuhn was set at 5 units per M ^ 
which IS approximately 0 1 unit per Kg body 
weight Experimental studies (22-24, 27, 39-41) 
indicate that insulin gives a maximum effect on 
rate response at dose levels of 0 05 unit per Kg 
and up to 0 3 unit per Kg The effect of differ- 
ences in endogenous insulin production would be 
obhterated at this dose range of injected insulin 

Comparison of venous and arterial blood samples 

Nelson’s modification of the Somog}i method 
(30) was used for sugar determination m this 
study in order to minimize the effects of non- 
fermentable reduang substances (42, 43) The 
use of venous blood samples in conjunction with an 
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the mtra-cellular fluids and metabolic pathi\-a\s 
and arc influenced \cr} little b} extra-cellular 
mixing and not in a manner ^^hlch is age biased 

Age differences 

Although there is an oierall reduction m the 
rate of remoral of glucose from the blood and a 
reduced response to insulin wath increasing age. 
It cannot be assumed that this reduction is neces- 
sanl}' assoaated wth altered cellular metabobsm 
A similar o\era]l effect could result from a re- 
duction in the number of metabolizing umts 
Other studies from this laboratory ha\ e indicated 
a gradual loss of metabohzing tissue ^\ath increas- 
ing age (54) This conclusion is based on the 
obseiaed decrease m mtra-cellular \rater (anbpy- 
nne space minus thiocj'anate space) with age 
The mtra-cellular space, calculated m this fashion, 
a^ erages 10 5 L in y'oung and 8 6 L m aged sub- 
jects, a reduction of 18 per cent 0\er the same 
age span, k sho\\s a reduction of 42 per cent for 
the glucose tolerance data and 61 per cent for the 
glucose-msulm tests Although the data do not 
represent obsen’ations made on the same sub- 
jects, and the dimensions are incongruous, it 
seems difficult to account for all of the changes 
observed on the basis of a loss of functioning 
protoplasm alone 

It is conceivable that the age differences m the 
rate of removal of glucose from the blood might 
be due to differences m blood flow and deliv^ery 
of glucose to the tissues Clearly, a reduction m 
the total amount of blood delivered, per unit of 
time, v\ ould influence k if all the glucose vv ere re- 
mov ed m a single passage through a vascular bed 
However this is not the case If there were a 
substantial reduction m blood flow to tissues in 
the older subject, an increase m the A-V difference 
should appear Since w e do not hav e simultaneous 
artenal and venous glucose levels on the same 
subjects, no final deasion can be reached on this 
question, but it does not seem likely that differ- 
ences m blood flow can account for the age differ- 
ences observ ed 

It IS recognized that the concentration of glu- 
cose m the blood at any given time represents an 
eqmlibnum between the rate of removal and the 
rate of release of glucose from the liver The 
differenbal effect of insulin m the three age groups 
makes it improbable that the results obtained can 


be ascribed to differences m the rate of release of 
glucose from the liver in the old and young sub- 
jects Recent studies indicate that the early 
effect of insulin action is that of increasing penph- 
eral uptake and metabolism of glucose The liver 
response is minimal and delayed (55) 

Inactivation of insulin by' a plasma constituent 
may be a factor m some phases of diabetes, par- 
facularly in regard to the mechamsm of chnical 
insuhn resistance Welsh, Henley, Williams, and 
Cox (56) studied the plasma binding of insuhn 
in 118 subjects, 43 of which were non-dia- 
bebc ranging from 14 years to 90 years of age 
Analy’zing their data w ith reservation for the 
inclusion of pabents vvutli other acbv'e disease m 
their group of non-diabetic controls, no trend is 
discernible between the age of the subject and the 
potenbal insulin macbvabon by plasma binding 
Although proof cannot be offered, it seems 
reasonable to assume that at least part of the age 
differences can be asenbed to alterations in the 
metabolic effeebveness and response of the func- 
boning cells in the aged male 

SUMMARV 

Intravenous glucose tolerance and glucose- 
insulin tolerance tests were performed on 35 nor- 
mal male subjects under standardized condibons 
using venous blood samples The subjects ranged 
m age from 23 to 86 years Blood samples drawn 
at 5-minute intervals, between 5 and 60 minutes 
after adnunistrabon of 25 Gm glucose, were ana- 
lyzed for glucose by the Nelson method The 
rate of fall of the blood sugar level between 10 
and 60 minutes was determined by fitting the ex- 
penmental points to the equahon log^y = log^A — 
kt A significant decrease in k with age was ob- 
served in both the glucose and the glucose-insulin 
tolerance curves The admimstrabon of insulin 
had a greater effect on the rate of disappearance 
of glucose from the blood in the young than the 
old subjects It is proposed that the age differ- 
ence may result from both a reduebon in the 
amount of funebomng protoplasm and an altera- 
bon in mtra-cellular glucose metabolism 
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The cxpenmcntal results to be presented here 
deal vnth the renal component of the multiple cf 
fccts in man of acute expenmental respiratory al* 
kalosis (hyperventilation) and aadosis (CO, in- 
halation) One aim of the expenments has been 
to define an integrated picture of the total body 
response to acute respiratory aad base disturb- 
ances A previous paper (1) contained a de- 
scTfpticra of the effects observed in the same ex- 
periments on the composition of plasmaf and red 
cells and a quantitative cstiniate of the exchanges 
of ions and ■water bctsscen red cells plasma, extra 
ceBular fiuids and a phase or phas^ outside the 
chlondc space intracellular ') In the present 
report consideration is grren to the changes m 
renal excretion and hemodynamics and an attempt 
IS made to define more dearly certain mechamsms 
involved Reference should be made to the prcvi 
ous report (1) for data on the blood or plasma 
changes only a few of these data arc ir^uded 
here uhen they are directly important to mterpre 
tabon and renal effects The present findings were 
previously reported in abstract (2 3) 

EXPERIMENTAL PROCEDURE AND CHEMICAL 
METHODS 

Six nonnal male fubjects acUrrfy h y pcrrqiUUted and 
ctx inbated CO, aa dea^bed in detail in tbe preceding 
paper (1) Foikming coctrol period* of 47 to 74 min 
tite* daratioa, hyp^^Tcatllation w-a* earned oct for ap- 

iLabomtory ftdUtia were aided by ffrant* from the 
National Heart ItuUlate of the United Slate* Pubbe 
Health Service (Grant* H-4Q5 and H-540) tbe Life In 
tnrance Medical Research Fund, and the C Mahloa 
KUoe Food for Developroent in the Department of 
Medkinc. 

■ Ertablished Immiigator of the American Heart A* 
lodation. 

* In part dorinc tennre of Post-doctorate FeUowihlp of 
the National In*titntc* of Health, United Slate* PnbGc 
Health Scrrice. 

* Pre»ent addres* SOI BoyUton Street, Bortoa, Ma**. 


pfcxunately 30 imnirta in 5 of the 6 cxpenmenl*. and 
for twice that period in the last experiment 7^ to 77 
per cent CO, In air or oxygen wa» inhaled for 21 to 30 
minute*. Measuretflcnt* were contlmied in both types 
of experiment* dortay fubsequent l e coTcr y penod* which 
ended 97 to 145 mlmile* after onset of tbe itunulo* (dcng 
rated bmt aero) Standard water loading wa* earned 
out before the expenments and contmued throughout 
with uater giTcn in amounts cquiTalent to urine ex 
creted In respiratory acidosi* n neutral or ifighlly ol 
fcaline control nrme wa» coaridcred desirable to fadlitatc 
ob»ernitian of renal effects. Acconfingly in experi 
ment* 1 to 5 induiive, the *nb;ects ntre given *2 gm. 
NaHCO, (SO mEq ) by mouth at — 95 to — ISO minute*. 
A* a control in tht sixth experiment NaQ wa» mb' 
rtiteted for the NaHCO, and thi* cxpemnect i* not in 
chided In *tati»Uca3 asalyM*. Tvat addmonal tontrol 
expenments u'tre done is which the NaHCOi load W'as 
given, and obserratjcm ^cre nude for the uxual ex 
penmental time (bdt with no respiratory ilimnhi*) to 
indJcale the effect of the Icoding procedure alone. 

Renal clearance* were determined by ftandard tech 
nique* and cbenucal methods (4 5) with bladder cathe- 
tericatioa and appropnate anaerobic collection of urine 
to prevent loss of CO,. Changes in glorocratar filtra 
tioa rate were estimated from change* m endogenoo* 
creatinine clearance and effcctli'e renal plasma flow from 
p-ardnohippurate (PAH) darance.* Following an 
tqonibratioQ period of at lca*t 45 minutes urine was col 
lected for 3 penod* before, 3 to 4 period* during and 3 
to 4 period* after the appDcalioo of the slimulns (hyper 
venblation or CO, inhalatloo) 

Total CO, was deter min e d in the anaerobically col 
lected urme by the uunometric method of Van Slyke and 
Sendroy (6) unne pH at 37 C by mean* of the photo- 
aiJorfmetnc method of Van Slyfce, Wringer and Van 
Slyice (7) soditmi and potassium with a Barclay In 
ternal standard Came photometer (8) chloride by the 


• Excretion of anJomc PAH* in iucU has tome effect 
oo urinary aad base pattern, Admmiitratjon wa*, Jiow 
ever at the *ame »3t)w rale during both coulrof and ex 
penmental period* and there were no *lgnificant ehon^ex 
in PAH excretion during atber type of re*piralory lUm 
uloj when onnary acid hose change* were maxima3. 
PAH could aUo form a buffer pair but becatoe It would 
be a ftrong aad buff’er (pfC*s=3iy) (13) such an effect 
rniut be very nnalL 
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Fig. 1 Acim KEsrnATcnnr Alkaijosis akd Actrosu Mean Chances 
IN Ueihary pH akb the ExairnoH or Titiatabix Acid akd Hydeooxk 
ICkN 

The mean for each group of dianges from the individual mean co ntro l vahiea 
is plotted for the end of the period of stimolus and the end of the ex p erim e oL 
The Taints for the mean change, its standard er ror and die probafaHity of 
chance occurrence are giren below the corves. The mean changes that are tta 
tubcaDj sigmficant (p = OOS or less) are represented bj open cirdei. The 
absassae represent tfanc before, during and after the stimulus. The mean of 
the co ntr ol values It given on the horixontal aids Hydrogen ion excretfon it 
defined as the snm of outputs of antmooiom plus titratable acidity minus bl 
carbonate (see Eqmtioo 2 in text) 


tioiL The rate of renal adjustment to the disturb- 
ance by rctaimng H ion as compared to control 
H output (AUVh by Equation 2) averaged 218 
^lEq per minute for the final penod during hyper 
vcntilalion. Durrag the 30 minutes of the stimulus 
an average of 5^ mEq H had been retained m 
this way Dunng hyperventilation the pH of the 


unne rose (mean = + 1.63 pH units) and titrata 
ble aadity fell (— 13 0 /lEq per mm,) both re- 
turning to the control values dunng the reco 
penod after hyperventilation Bicarbonate 
cretion was markedly increased (+ 183 jtEq 
min.) and ammomum ion excretion decreased 
(—30 ;iEq per min.) each subsequently re 
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Tic. 2 , Acute Ri:5ri7j.T0 ?^ Alkalosis a' d Acidosis Meav CnAsccs in 
T iir "Lri ari Excfxtio Rates or Ai lo s 
T1 e dita arc presented u in Fipure 1 Since phospliate was measured in 
Clip tr o of the hvp^cntilation experirrents it is *hown snth a dotted line and 
i*alj'*ical analysis emitted. Tlie symbol HPO,**’ indicates phosphate both as 
HPO.* and H.POr 


•c(l to co"trol nitcs Potassinm ocrction in- 
I'-tl m^rlcdK (+ 183 /lEq per mm ), while 
’’cr soiiu n nor chloncle excretion showed a 
r'lcalh significant clningc In the rccoterj 
I'X'l crcrction rates fell sigmficantU helot con- 
fo' each o^ these ions (mean changes in rate 
r a K — 71 /lEq , Na‘ —155 fiEq , Q" 
b? ;iEq ) 

ri''-''L'’ra c'lJorts 

t !£ e’ea'’ sho n h\ compansoa of the magni- 
c f f P . cd acitl-ha'e disturbance 

I'CO.',- = 26 raCq ) o- of p'asma aad-base 
a 1 1 I, tl„t CO. 1 ' 'btio'' was a milder aad- 
* d _ l.*--e t’ 1 qv- tca*iLa‘ioa It is dif- 


ficult to achieve a more severe acute experimental 
respirator) aadosis without undesirable side ef- 
fects Changes m urmai) findings were corre- 
sponding!) smaller dunng CO. mlialation than 
those observed dunng h)’perventilation AUVn* 
averaged 77 /lEq per minute and cumulative H' 
eliminated dunng the stimulus was 1 9 mEq Uri- 
narv pH fell (—041 pH units) and titratable 
aadit) increased (+61 /lEq per min) Bi- 
carbonate excretion decreased (—62 ;iEq per 
min ) in spite of a considerable increase in filtered 
load that resulted from the increased phsma con- 
centration dunng CO. inhalation The change in 
b carbonate reabsorption (-^310 ;iEq per mm ) 
IS accordmgl) significant (p = 0 03) Thus a 
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Fm. 3. Aotte RnraAtOTY AtKAutua Aim Acnxwn Meak Chawoss 
IH THE UlUTAST ExomOM RaTIB OT CaTIOWB 
Tbe data ue presented as in Flgtire L 


real physiologic response m bicarbonate regnla 
tion IS evident, although if changes in excr eti on 
alone are considered the results just fail (p = 
006) to show "statistical significance." Excre- 
tion of ammonium ion increased (+ 8.5 jiEq per 
mm.) and that of potassium decreased (—70 
per min ) Neither sodium nor chloride ou^ut 
showed statistically sigmficant change. Phosphate 
excretion was increased (+ 10 per mm ) 
The small oral dose of sodium bicarbonate given 
preceding the respiratory aadoiis experiments 
established a ‘^baseline (a neutral or alkaline 
unne) upon nhich the effect of the CO, inhalation 
could be more readily determined Effects of the 
bicarbonate dose are evident m differences be- 
tween the average control values m the respira- 
tory alkalosis and aadosis experiments as shown 
in Figures 1 to 4 Four aditlonal experiments 
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TABLE I B 

Raptmiory acuhsu Effecu af CO, inkalatx^tn e% nrinary pU t%tTaiabU octdUy and excrrhon of eUdrolyUs 















r ■= rsT'-rj f t sr cf 3 > j f elkiston and j k claek 
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ABu; It 


TT c > - I c~i cc i SI! Ccl-ul. ti rt’-cv’'jLr c'sd-hzse dis'uThcrce (A UCO,~„y ard 
’r~Jc — — (A ^ t r*)t c t’ic'rcjp z'c^y s'srsulus 




5 — r a-us 



B RfT^Irator> arido^,5 
(COi lahilallon) 


' t 

„iico.-. 



Ci-t 

A ncor. 


Fj, - Cu 


Rale 

CumUatlvt 



f-r~ 




frr 







mC. 

run 

rxt\ 

* 

-141 

-215 

-so 

1 

+i6 

+ 20 

-f0 64 

4 

-Isa 

-226 

-5 6 

2 

-fl2 

-M42 

-f-4 3 

<; 

-12S 

-212 

-SO 

3 

-f3S 

+ 23 

+0 16 

6 

-152 

-292 

-6 7 

4 

+ 2 

+ 97 

-b2 3 

i 

- 67 

-146 

— 7 0 

S 

-f31 

-flOS 

-1-2 2 

Hem 

-135 

-21S 

-59 

Mean 

-1-26 

+ 77 

-fl 9 


• A HCOi~_ irt'tcntc^ the total chanfjc in bicarbonate of the extracellular fluid (plasma plus intcrstitnl fluid) and 
c' t' e red cells (1) 

t A Ij\ r* irdicatcs the char;;c from control in unnari hjdrojcn ion excretion defined ns the sum of ammonium 
r’„s titratal 'c acid minus bicarbonate output (see Equation 2 in text) 


\ c'c do-c will out am disturbance of respiration 
to ctnUiatc the cftcct of the oral bicarbonate alone 
Tlit'c expenments also protaded a control for 
tile •'Cidosis 'ones vath rc'pect to the effects of the 
diurral ‘ tide and the ssaitcr loading procedure 
\\hile slight apparent cliangcs were pre'ent at the 
tnics that %\ould correspond to the respirator) 
s'laiulu' none of them v as statistical!) significant 
OAingcs during the stimulus in the respirator) 
-ni’osis senes which arc sijrmficnntl) different 
irem the preceding control e-alucs also differ sig- 
nific'nth from the slight alterations at correspond- 
in'’ times in the control senes This is true for all 
r' tie enriab’es c.\cep unnan pH and K cx- 
c't cn, tie differences of wliicb were not quite 
simficar at the 5 per cent Ice el Dunng the 
cc"pr''tue’% longer rccoicrj portion of the cx- 
j,-n~'n’s, a te^dence in the acidosis senes to 
di -pp^r-rcc of the efiects of the oral hicarhonatc 
cn ' ^ las-Ime' o ild lie ladisiirguishablc from 
j ' c^cc c' "c hficaticn o' the unne as a com- 

om rrmf -n m to the rc'p ratoi) disturh- 
a'-'c \cco'dirg!\ di'cus'mn o. charges late n 
rn. cm is Ii™ ’eid to n'pim'om nlluilosis Rc- 
s V sre r' re^v-1'’cd in dc nil for the control 

r's-ci ■’■e C s erz urir^r^ xshtsrc 

■'*1— <_rc~e'' s c cTeeme renal plasma 

^ r-’ — -n. _•• •■ -a a- ra ' a”! m es o'' ut-c 
' la'cr- rcp''''”'d S g-ifa- cna’-gci 

'.C'C c" , h ' -J*"- c'-’ilation. Ef- 


fcctnc renal plasma flow was depressed from con- 
trol at the end of these expenments, a change cor- 
relating with the excretion rate of sodium and chlo- 
nde which were also significant!) depressed .at 
this time Glomcnilar filtration rate was also de- 
creased significant!) at the end of the expen- 
ments, but also decreased somewhat during the 
hrpervcntilation, at a time when excretion of so- 
dium and clilondc and effective plasma flow were 
not significant!) altered and if an) thing were a 
little increased (Thanges in unne flow were proh- 
ahl) more dosci) related to the water loading than 
to the cxpcnmcntal procedure 

nrscussroN 

Obserzatfon oj renal aetd-base adjustment 

The kidnc) responds promptl) to pnmar) re- 
spirator) alterations of aad base cquilihnum 
The renal adjustment is not a simple correction 
of the ahnormalitv present, but ma) lie considered 
as cvcntuall) producing an opposing "mctaliolic’ 
(as contrasted to 'respiratorv”) disturbance 
V hicli mi) be mea'^ured as a change in the rate of 
hvdrogen ion excretion (AbVn ) ‘\n increase 

m UVn IS equivalent to an increase in buffer base 
m the bod) Singer and Hastings (14) suggested 
certain practical advantages in focussing attention 
on the buffer base concentration as a quantitative 
index of the metabolic or non-respiratoi) factor 
in aad base cquihbnum and pointed out that a 
pure respirator) disturbance (before vanous com- 
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xiBix in 


Rtsptraiory aJhaiosis and aeidasii Rsnai JUItoSim reabsorpthn and excrrtian of htcarlonaU 




Urtae 

flmr 



Plw&a 

- 

nit. 

wEf 

HCOr 

Reabsetheil 



GFR 

pH 

PCO* 

HCOi-t 

Ssf 

wSf 

■n*. 

jUtrtU 

Expe. 

Time* 

nl ^ srfa. 


■m. Bt 

rf 

Ms. 

3 

C* 

10 4 

125 

A. Respiratory albriosia — hyperventilation 
7.38 43 24 9 

3 11 

010 

3 10 

2442 


s 

50 

109 

7 62 

19 

194 

2J19 

184 

1 91 

17J2 


R 

1,9 

124 

740 

42 

254 

3 15 

0 

3 15 

25 42 

4 

C 

6.6 

104 

7 35 

43 

236 

2 45 

001 

2.45 

2348 


S 

60. 

108 

765 

IS 

164 

178 

171 

1 61 

14 92 


R 

0,5 

80 

7 43 

37 

24.4 

195 

0 

195 

24 41 

5 

c 

12 1 

122 

7.39 

43 

256 

3 13 

006 

3 12 

2548 


S 

S3 

87 

763 

19 

20 2 

1 76 

166 

1.59 

18,29 


R 

90 

118 

744 

39 

257 

303 

005 

303 

25 67 

6 

C 

75 

109 

7 39 

43 

254 

2 76 

002 

2,76 

25.28 


S 

78 

86 

7 66 

16 

17 9 

144 

448 

1 29 

15 00 


R 

38 

96 

743 

37 

244 

242 

0 

242 

2440 

7 

C 

16 

132 

740 

44 

24 9 

349 

002 

3,29 

24 89 


s 

59 

108 

7.S6 

25 

224 

240 

117 

2.28 

21 13 


R 

39 

109 

7J9 

42 

24 9 

2 71 

0 

2.71 

24 89 

1 

C 

30 

139 

B Respiratory actdoils — COi Inhalation 

7 40 46 27J 

382 

.061 

3 7ff 

J70i 


S 

17 2 

151 

7.35 

54 

299 

442 

060 

4 46 

29 J3 


R 

40 

135 

7 45 

40 

J70 

364 

010 

3M 

26.97 

2 

c 

18 2 

126 

7A6 

40 

274 

3 50 

JIS 

3 29 

2611 


s 

16 4 

127 

740 

47 

287 

364 

123 

342 

27 71 


R 

170 

131 

7 43 

40 

264 

3 47 

125 

345 

2547 

3 

C 

11 1 

111 

7.50 

34 

254 

483 

084 

2,75 

24 76 


S 

10.6 

114 

7J7 

48 

27 1 

309 

070 

342 

26 49 


R 

13.6 

117 

744 

37 

24.4 

246 

111 

2 74 

23 42 

4 

C 

16 7 

115 

744 

41 

26 7 

3 07 

124 

2.95 

25 63 


S 

14 8 

117 

744 

51 

27 0 

3 16 

044 

3 12 

26 68 


R 

15 8 

116 

7 48 

34 

24.6 

2.85 

056 

280 

24 13 

5 

C 

16.8 

108 

7U 

38 

254 

2 73 

U5 

2 62 

2446 


S 

13 1 

107 

743 

52 
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284 

429 

2 81 

26 18 


R 

141 

106 

744 

26 

244 

247 

053 

241 

23 68 

6t 

C 

12 1 

102 

742 

49 

24.7 

2.52 

012 

241 

24 60 

S 

15.3 

no 

7 26 

62 

27 1 

2.98 

421 

296 

26.90 


R 

14 7 

106 

747 

45 

254 

2 70 

013 

2.69 

25 38 


• Time of tndhrfdual penodi and retpJratory ftlmub Ib gw«i fa Table I A and I B 
C denotes avenge of tbe control penoca. 

S denotes the Ujrt period during the respiratory itirauhis 

R denotes the last period for which comjJcte data were available during recovery from the effects of the sthnului 
t The pl a<tmq concentratjon of HCO*~ giv en and tzscd to calculate HCOj"* filtered « that observed (often at the end 
of the period) rather than an Interpolated value for mid period No correction Is made for scrum water or Dorman 
factor 

j Experiment 6 dunng COi Inhalation was done as a control the urine being Initially add at explained In the texL 


pensaboBS) causes no change m whole blood buf 
fer base. Fuller and MacLeod (IS) have calcu 
lated the rate of ”totaI H* secretion' by adding 
HCOr TCiibsorpUon to titratable addity plus am 


raonium excretion rather than by subtracting 
HCO,“ excretion as we do in calculating UVn* 
The resulting index is quite different since our 
index indicates the net effective acid base adjust 




I, s r r si' cep, j f eikimon, vnd j k clark 


i"cr! -ccc" p ^'T-d b_ the o\cr-all p'cxxss of unnc 
fo"r' I'^n V 1 1 'e tfrir'^ relates to the spcafic process 
r/ H 'eert 101 h the tulrahr cells ' 

In resp r'lcry c’l a’ons the clunctcnstic rc- 
epe-te IS " dccrc-’'c m H o itput measured pnn- 
apll^ b, ■'n I'-crcrsc of HCO," s\Uh hied cation 
in 'n alt^aahrc unre (17-22) \s5oaatcd uith 
tl 5 1 ' a decrease in output of ammonia and titrata- 
b c aad Tlie rc‘-ultant cfTcct on total bod\ fluids 
i'. a lo'« of bjfTcr ba'c a further reduction of the 
alrcads lo cred HCOj* concentration and a re- 
turn of pH toward the normal range The ac- 
compar.) mg predo mnant change in excretion of 
’ fi' cd ’ ion in the fir't half hour of acute c-xpen- 
mrnts is mcrcaced K lo's, rather than cliangc in 
Xa o" O' The duration ot the expenments was 
'1 eh that cumulatuc excretion s\hile the stimulus 
ps r'i''cd had i erj little cfTcct in changing cxtracel- 
hi'ar or total Iwdj fluid buffer base The renal 
compensation was therefore small compared to 
the rapid 'Lanng of the cfTccts of the stimulus bj 
the \-arious "bufTcr ' mccluamsms of the bodj pre- 
\io i'!\ estimated in detail (1 ) Gilculations based 
on the data of other worVers (23, 24) indicate 
that in more prolonged rcspiratorv disturbances 
the major part of A HCOr„ ma\ l>e compensated 
b\ cunnilatnc unnarj changes 

Renal compensation for aaitc rcspiraton alka- 
losis appears lo be less efliaent than that for aaitc 
mc’abalic alHlosis of the “elcctroUtc addition” 
t\-pe In seacn experiments in \ Inch a\c gaae 
rap 1 intraaenous inmsions of ha-pertonic sodium 
b ca-bonatc (25 26) the total dose ot bicarbonate 
given was the same order of magnitude as the 

r iHCOi, ebsemed in rcspiratora alHlosis rc- 
>'’r ed I '-e \ ct, within tl e s-mie time cumula- 

tive A U\ II averaged P6 niEq indicating more 
•I tl 'e^ •I'Tf' tl e compar'b'e renal compensa- 
tma u nrg resjur^toi abalo s • The difference 

'TV- W' l''- r'o’S'a'td bv ih”}'’ amba-J la 

1-- i -I tbi* tb* la* - td-jUr r'cve't o' 

Iv l-wt — n i-v-' rl la t''* c" re g-rar'itv o' HCO,' 
rr-' Tl ' vT"* n r C''' ’v b-'i bj r-o t wo lers 

av ''•“r — ei I' 1 tai a v, reTt-ll} cba’t'-'FC'J 

lIM 

•F ' - I a '"-"a - lira- -zt — 5 -Its reral ad 

. — wn <u'~ ‘o' Irr z" a' e—— ivc a-g'oa ~zz^'^ 

nJ— tbur t-T atr\i ii it*'--! i- tb„s jar— Frera 

Sy iiri r r 1—''" 1" — or ' e -•-•'c— — _*ra t i 

i-i e'ar — I t- irt J, * I*- 1 — ua.'d It an emal 

tHi x- ta er—t -r ‘'x'-' C 2 r- fxe' i- "”1 o' 


mij be related to the fact that tins tj-pc of meta- 
bolic alkalosis (a simple excess of sodium and bi- 
carbonate) maj be corrected b) the renal excre- 
tion of the ions present in excess 
The charactcnstic cliangcs m respiratory act- 
(ios's arc the opposite of those described for rc- 
spiratorv alkmlosis (15, 17, 27) There is an in- 
crease m excretion rates of H*, titratablc acid and 
ammonia and a decrease m excretion of bicarbo- 
nate with fixed cation, cspcciallj potassium TIic 
unne becomes more acid Since the acid-basc 
disturbance of aaite experimental CO. inhalation 
IS considcrablj milder than that of hjpcrventila- 
tion the unnarj changes arc much smaller in ab- 
solute terms Relative to the estimated acid-basc 
disturbance (A HCOr,,) however, the renal re- 
sponse appears to be of the same order of magni- 
tude When the expenments were planned we 
postulated that it would be difiiciilt to detect an in 
crease in UVn* if the control unne were alrcadj 
acid If the "basal” state of the kidncj involves 
compensation for the tendenej of the usual diet 
to produce a slight metabolic nadosis, it would 
scarcclj lie surpnsing tint an acute rcspiratorj 
aadosis of mild degree should fail to bring about 
a further detectable increase in UVn* We be- 
lieve that this is the explanation for the lack of re- 
sponse in unnarj acid-base factors noted bj 
Longson and Mills (28), and in unnarv output 
of sodium, potassium and chlonde bj other work- 
ers (29), dunng acute COj inhalation in man 
Similarlj, in our Expenment 6, with XaQ sub- 
stituted for the small prc-medicntion dose of 
NaHCOj (and a control unne pH ot 5 9) there 
vvTs no detectable change in UVn* In spite of the 
aad control unnes, it seems probable that a re- 
nal tubular response could have been found m the 
expenments of Longson and Mills (28j had 
cliangcs in filtered load and reabsorption of bi- 

oF.-o’ite alficbraic sirn Ur'i^r manj araimvtan''ei in 
cle''ir;i oer o n trpynmcntal coaditioni, a fairl) rain 
factory ar”oxirra> loa of -iLV,, can be derived from 
cha-rt! in ercret oa ratev o' tbr raajor fixed lonv of 
ua-e as Na K — CF Fspreisioa of Vie urinary ad 
jeswen* la tr—e al e-na ive tern- directs attcntioa to 
I’-e e''tct ca to^y f _ d coa'e-t of tbe major fi-ecd ions 
v'-ch may t' eras m- -a la ccr-sidnUon of acid base 
char-es tbe-e. Ls' o' iH-s a-proximatioa duna,'* f yper 
ve-a.al.oa mica'a an avem-r eban-e of -'-222 ftZt] per 
m_a., im-pas — ly cVe to t'-e AU\'’n o' -218 >iEq per 
m a. l-r 1 *-e o‘b»T rr**Sod- 
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carbonate been detenmned rather than in cxcre« 
tion alone. Data of Denton Maxwell McDonald, 
Munro, and Wilhams (30) dunng CO, inhala 
Uon in sheep mdicatc a marked rise in HCO," 
rcabsorption, although like Longson and Mills, 
they observed no change in rate of unnary excre- 
tion of HCO," In contrast to these n^ative 
unnary results other workers have found charac 
tcnstic changes in unnary aad base factors in 
acute respiratory aadosis in dogs (15 17 31) • 
Where given control unnary pH values in these 
expenmcnts were close to 7 0 or above. We ob- 
served sigmficant unnary changes in the five sub- 
jects who were given the preceding oral dose of 
NaHCO, and in whom the control unne pH was 
also approximately neutral 

Other factors mfiucnce the characteristic renal 
response observed dunng respiratory aad base 
disturbances For example, the typical unnary 
response to respiratory alkalosis is lacking in sub- 
jects who arc in a state of NaCl dqilction (18 
20) It IS to be expected that pre-existing disturb- 
ances of the arculation or flmd and electrolyte 
balance endocnne factors and kidnev disease may 
alter the charactensbc changes that have been 
defined 

In more prolonged respiratory disturbances 
(for example of four or five days duration) the 
ability of the kidney to compensate appears in 
creased over that seen imtially (32) Ammomum 
excretion is likely to constitute a larger fraction 
of the renal response to more prolonged aadosis 
Although NH, output begins to nse within a few 
minutes of onset of aadosis it does not approach 
maximal rates for some hours or dal's (33) 

The unnary find\ngs tn different phaset of re 

spiraiory and base disturbances 

It must be emphasized that the characteristic 
combination of unnary changes dcscnTied above 
is typical only of the displacement ' phase of the 
respiratory disturbance. While changes in un 

• A change u endert in the nnnary data of Fuller and 
MacLeod (15) allhongh their calculation of *^tal H 
aecretlon'* did not change significantly because of a fall 
m glotnerular filtration rate and therefore in bicarbonate 
reabsorptkm. Tbdr method of calculation showed that 
90 to 98 per cent of "total H secretwn" was accounted 
for by bicarbonate reabsorption in respiratory disturb- 
nncci. 


nary rates of H excretion persist they result in a 
pK^essivc increase in the degree of metabolic 
aadosis or alkalosis which compensates m part 
for the respiratory disturbance. If the abnormal 
level of FCO, persists for periods much longer 
than the duration of the present experiments 
eventually a point will be reached where the sec 
ondary change in extracellular buffer base and 
other chemical changes have restored the pH to 
a level of stability m or closer to the normal 
range. In the ensuing steady state ’ phase of the 
disturbance renal compensation ceases m the 
sense that no further progressive change is pro- 
duced in buffer base of body fluids Output of H 
tiwn reflects the dietary intake and other physio- 
logical processes as it does m a state of normal 
respiration and PCO, Finally dunng the "re- 
covery phase of a chronic respiratory aad base 
disturbance, when PCO, is returning toward nor 
mal, renal compensation serves to restore the ex- 
tracellular buffer base to normal (Changes arc 
therefore the preasc opposite of those described 
for the displacement phase increase m UVn m 
chronic respiratory alkalosis and decrease m 
chronic respiratory aadosis Thus m chronic 
respiratory disturbances a temporary mcrcaae m 
the respiratory difficulty (cqmvalent to an addi 
tional displacement’ phase) will be accompamed 
by reappearance of charactenstic unnary changes 
a temporary decrease in the respiratory difficulty 
(equivalent to a partial recovery phase) will 
cause the opposite type of unnary changes Such 
a sequence of ci'ents is quite othcnvise to tlie situ 
ation found m metabolic aad base disturbances 
In a complete study of the displacement, stabihra 
tion, and recovery phases of ammonium chlonde 
aadosis Sartonus Roemraelt, and Pitts (33) 
have shown that the fundamental unnary re 
sponse IS one of mcrcased UVn m all of these 
phases despite serial differences in individual 
constituents that are also of importance. The 
same holds true for the opposite changes m meta 
bohe alkalosis produced b} electrolyte addition 
(25, 26) In acute respiratory e-xpenments of 
bnef duration such as those reported here there 
It no stabilization and recovery is marked simply 
by a return of the unnary aad base output toward 
control levels *• Supenmposed on this return 

i® Fuller wri MacLeod (15) rciiorted that unnary ef 
fects of respiratory acidotia were rapidly rerertlble, 
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' T c cr '<rc I'rc cfTcct^ ot o*hf nctor"; such is 
<: i mi * c (3^), the \ cinug oft of the 

i~] ire lUui'o'^is prcMousK induced in 

J ‘ lijcc's c.'^pi<cd to CO; inhalation persist- 
c 'c r du" c'cnccs m respiration and htc 

e Ttr^' the imposed duirtsis 

Orcc the “iK'h"ce' bct^'.ccn the existing rc- 
"n 1 ,'-% di"- nrlnncc ind the coupcn'itoii meti- 
hi’ic ic-do^is o" alkalosis (produced b\ the kid- 
-e ) Im been rcacl.cd there similarU ma\ be 
ro hi g di'‘trcti\c about the unnarv excretion for 
in'h’ idual ions cxccp* as related to the acconipam- 
II g coipo^ilifii of plasma For example, m one 
of c r uip,>bhshcd eases oi chronic CO, retention 
\Mlh a plasma PCO. of 120 mm Hg, unnarj 
chlo'idc ocrcuon exceeded dO mCq per daj, 
corresponding approximatclj to the intake, de- 
spue an cxtrcmcK loss plasma chlondc conccn- 
tmuon of 74 inFq per liter It is not surpnsing 
that the ob'crscr ma\ erroneously conclude tliat 
renal compensations arc unimportant in such dis- 
turbances if he directs liis attention to the urinary 
composition alone Determination of clearance 
rails O' rcalisorptisc rates for acid-base factors 
\ ill ho, eser, disclose the presence of renal rc- 
s,K 1 sc 

Pi 7 tl Iwt cj rci tl btcjrl ortah rxcrclion 

Oiangc n the rate of excretion of bicarbonate 
s as ihc p'innpal anionic response of the Kidncs 
t > t! c rc'pinto's disturlnrces In a prclimituiy 
rpoT the present ssorl (3) it ssas stated that 
carV •'•’tc i-crdion rate correlated lietter ssith 
asma pi I iL-ii sa h other jihsma factors such 
* PCO, o* HCOj' corccntratioi About the 
'r-r: • c P'-"rau and Gilarm (35), Dorman, 
•’ il SC'' "d Put' (36) and Kelman, Etsten and 
s (37) each n,' 0 '*cd st^dif' shossing that 
i ' ' '•,*'! r o b ca'b'i'a’c sms more closels 

t ' 'd to t' e PCOj c' the bWi than to pH or 
' " f 'm a o 1 -'^la-rtc Sesera! recent ref- 
'r*"'s n ‘"i*' ’1 c O'lr da a and intc'p'ctations 
t ^ -J n g groups This 

' - u - P'S re j’''d f'rm tl ^ failure to me 

- *,---1'' 1 „j„-~ CU'enaa s'! 
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the terms in %\hicli the data arc reported Exami- 
nation of the directional clianges guen m Figure 4 
wall disclose that actually no disagreement exists 
In our consideration of the oicr-all effect of the re- 
nal compensation on the body we stressed output 
(excretion) The figure illustrates tint HCOp 
excretion is decreased m rcspiraton acidosis and 
increased in both respiratory and metabolic alkm- 
losis Since both plasma PCO. and plasma HCOp 
concentration mo\c in the opposite directions in 
respiratory alkalosis and metabolic alknlosis, it is 
obiious th.at HCOj" excretion is better correlated 
with plasma pH The three groups of imcsti- 
gators mentioned abo\e, howcier, were interested 
primarily in the renal component due to actuc tu- 
bular processes In studying the regulation of 
these processes they tliercforc logically stressed 
bicarbonate reabsorption Figure 4 shows that 
the rale of HCOj* rcabsorption is decreased in 
respiratory alkalosis but increased in metabolic 
alkalosis (electrolyte addition) Olwiously, then, 
reabsorption docs not correlate well with plasma 
pH but could be correlated (in direction of 
change) with either plasma bicarbonate concen- 
tration or PCOi ” In expenments carefully de- 
signed to test this point tlic groups mentioned 
abo\c found in dogs that PCO, w“is the more 
cIoscU related If our human data arc used for 
calailation of correlation coefficients it is found 
that rcabsorptuc rate docs correlate somewhat 
better with PCO, than with plasma bicarbonate 
concentration Thus, it should be apparent that 
conclusions about changes in bicarbonate excretion 
cannot be considered as simply the opposite of 
changes in rcabsorption If the filtered load 
cluanges sufficiently , rates of rcabsorption and ex- 
cretion may change simultaneously m the same 
direction as liappcned in the bicarbonate admin- 
istration expenments 

Rcral excretion oj potassium 

The predominance of changes m potassium ex- 
cretion rate oier those of sodium is a striking re- 
sult Since the sodium greath exceeds potassium 
in the glorreruLar filtrate At the end of either 
h ■p'nc’'tihtioi or CO, inhalation the significance 
of change m pota'sium excretion compared to con 

» SgcgI T0-,r-j t^\e t' s_rc'eUion tijt 

th 5 nay 1-- n't! it'-i t' rouch cha",~e5 m pH ithin 
i'-c rJ-- c 3')) 
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trol rate clearly exceeded tliat of the correspond- 
mg changes in sodium excretion Indeed m the 
hypeirentilation expenmenta even the absolute 
magnitude of mcrcased excretion was much greater 
(K + 183 pEq per mm. Na* + 70 pEq per 
nun.) Since potassium la the predominant intra- 
cellular cation one might suggest that the release 
of potassium from body cells as a compensatory 
mechanism to hyperventilation is involved A 
dose relation between potassium and buffering 
action of intracellular fluid has been prominently 
considered since the work of Darrow and his as- 
sociates (40, 41) on certain potassium defiaency 
state* The calculated ‘cellular exchanges of 
potassium in our experiments (1) would affect 
extracellular concentration ra the same direction 
as do the changes in unnary excretion of potas- 
snim Thus they are m the direction opposite to 
that which would be required to explain the un 
nary findings through a change in plasma potas- 
sium concentration and secondarily m renal load. 
The change m potassium excretion under these 
circumstances might result from a reaprocal re- 
lationship between the tubular secretions of fy- 
drogen ion and potassium as suggested by Ber 
Imer, Kennedy, and Orloff (42) 

5“odtiiwi and cblonde exerthon 

In extracellular flmd changes m buffer base 
are approximately equal to changes m Na — Q“ 
Yet dunng the first half hour of respiratory aad- 
base disturbances those changes that did occur 
m sodium and chlonde excretion tended to be in 
the same direction. Therefore unnary Na — Ch 
excretion showed Uttle variation and chaise in 
fixed ions accompanying AXA^n* was associated 
predormnantly with K The alterations m so- 
dium and chlonde excretion were not directly cor- 
related with the continuation and withdrawal of 
the cxpcnmcntal stimuli and were not necessarily 
opposite in direction m the aadosis from the alka- 
losis experiments. Our data therefore do not 
support the suggestion of Stanbuiy and Thomson 
(20) that a fall m chloride output following acute 
hyperventilation may represent a separate aad 
base mechanism favonng conservation of fixed 
add” (O') Since these parallel changes of so- 
dium and chlonde excretion are not concerned 
wlh preserving aad base homeostasis some other 


pltysiological process must be involved. This 
might concern mechanisms of electrolyte con- 
servation, hormonal factors, or renal hemodynamic 
changes. Renal plasma flow, but not glomerular 
filtration rate, showed a positive correlation with 
sodium and chlonde excretion in the hyperveutila 
tion studies while neither showed statistically 
significant changes with CO3 inhalation. 

Excretton oj other tons 

Phosphate excretion changes in two ways as 
the rate of total phosphate output (m /tM per 
mm ) and as the proportion as HPO/ or as 
H,P04” Changes m the buffer role of phosphate 
as a transporter of H arc induded m the titratable 
aa6ty of which phosphate is an important part 
This may be expressed quantitatively by the dif 
ference between the excretion rate of phosphate in 
/lEq per mm. at the observed pH and the calcu 
latcd rate in /*Eq per mm that would occur if the 
same number of juM were excreted at a pH of 7 4 
An mcrease m ;iM per mm phosphate excretion 
IS regularly observed in respiratory aadosis (17 
30, Table I B) and a decrease m respiratory alka 
losis (17, 19 20, Table I A) but these changes 
are small relative to the otlier changes Calcu- 
lated undetermined amon excretion showed only 
very small changes in both ri^pes of experiments 
It IS therefore imlikcly that changes in excretion 
of sulfate, lactate or organic aads are quantita 
tivcly important compared to the other changes 
reported 

SUUMARY 

Acute respiratory alkalosis bv voluntary hy 
pervcntilalion for approximately thirty nunutes 
or aadosis by CO^ inhalation for a similar penod 
were mduced m normal human subjects The 
unnary excretion of water and electrolytes and 
the aad base pattern of the unne were observed 
m multiple clearance penods before, during and 
after the respiratory stimuli 

In respiratory aikaJosts the kidney responded 
promptly by retaining hydrogen ion compared to 
control excretion, measured pnnapally as an m 
crease m output of bicarbonate wuth potassium 
Unnary pH rose and titratable aadity ammomum 
ion, and phosphate excretion fell The potassium 
effect appeared to be due to renal regulation rather 
thmi secondary to sjstemic mtraccUular adjust 
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ments Chlonde excretion tended to vary ivith 
that of sodium, mcreasing slightly dunng hyper- 
venblabon and then falhng far below the control 
level 

Changes observed during respiratory acidosts 
were, for most variables, opposite in direction to 
those noted during hyperventilation They were 
smaller in magmtude since the experimental acute 
respiratory acidosis by CO, inhalation was a 
milder aad-base disturbance than hyperventilation 
as indicated by degree of plasma changes and 
estimation of total extracellular aad-base disturb- 
ance Changes in excretion of sodium and chlo- 
nde were not as defimte as those m other factors 
and were not always opposite in direction m the 
two types of expenmenL At least part of this 
change (when sodium and chlonde change in the 
same direction) appears not immediately con- 
cerned with acid-base homeostasis If the unne is 
already aad the typical unnary changes may not 
be evident dunng acute COj mhalabon 

Renal mechanisms account for only a small 
part of the adjustments observed m experiments 
of short duration, but become more important with 
prolonged stimuh The rate of renal aad-base 
compensation is considerably greater in acute ex- 
tracellular alkalosis of smular magmtude mduced 
by sodium bicarbonate admimstrabon The un- 
nary patterns descnbed are typical of the “displace- 
ment” phase of respiratory disturbances With 
chrome respiratory disturbances a stabilized situ- 
ation may be reached in which changes are not 
evident in rates of unnary output of hydrogen 
ion except as compared to abnormahties of the 
aad-base composibon of plasma, if “recovery” 
then occurs the direcbon of hydrogen ion ex- 
crebon typical of the “displacement” phase is 
reversed 

The data are compabble with the Sndmg of 
others that the tubular reabsorptwn of HCO," is 
better correlated with plasma PCOj than with 
other extracellular aad-base factors Changes m 
excretion of HCO,', however, which determme the 
effect on the body, correlate with plasma pH and 
not mth plasma PCO„ if one considers both 
respiratory and metabohe disturbances 
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Fig 1 Sehum TBA/DBA Ratio Among the Various 
Grouts or Patients wnn Hepatic Disease 


and serum cholesterol within normal limits , * and nega- 
ive history for alcohohsm, dietary imbalance, or hepato- 
;oxic agents Liver biopsies substantiatmg the diagnosis 
)f chrome hepatitis were performed on Cases Nos 34 and 
iS (Table I) , biopsy was not done on the other three 
labents in this group 

GrouJ> V Two cases of acute hepatitis One pafaent 
.vas a 25-year-old ivoman with acute hepatitis, presum- 
ibly of viral etiology, who made an uncompheated re- 
Nivery Liver biopsy was not performed in this pa- 
tient The second subject was a 64-ycar-old man who 
became jaundiced two months after commencement of the 
admimstration of a testosterone analogue. Liver biopsy 
mdicated acute hver cell injury FoUowmg discontmu- 
ance of the drug, the findmgs of liver damage rapidly 
disappeared. 

METHODS 

Analysis was earned out on a 4 to iS-ml sample of 
fresh serum Bile aad concentration was found to be 
unaffected by preservabon of serum for several months 
at —20° C An alcohohe extract of the serum sample 
was made as desenbed by Josephson (3) The extract, 
after removal of the banum salts and neutralizabon, was 
concentrated to a volume of about 30 ml on the steam 
bath. An equal volume of HjO was added, the pH was 
adjusted to 9, and the solubon was extracted three times 
with petroleum ether (B P 68° C) to remove tnglycendes 
and cholesterol The aqueous solubon was neutralized 


* Case No 38 (Table I) m this group exhibited, dur- 
ing certam penods of his illness, a borderlme elevabon of 
the serum cholesterol and alkaline phosphatase. 


and evaporated to dryness The bile aad content of this 
residue was detemuned by one of two procedures 

In one procedure, used for the determinabon of the to- 
tal bile aad content, the residue was dissolved m 20 ml 
S per cent NaOH and hydrolyzed by heabng for 3 
hours m an autoclave at 15 lbs pressure. After coohng, 
the aqueous solubon was made aad to Congo Red with 
concentrated HCl and extracted five times with equal 
volumes of ethyl ether After bemg dried over NajSO, 
the ethereal solubon was taken to dryness The residual 
material was fracbonated by parbbon chromatography 
accordmg to the method of Mosbach, Zomzely, and Ken- 
dall (7) The first fracbon (100 per cent petroleum 
ether) was discarded. The second and third fracbons 
(60 per cent peboleum ether, 40 per cent isopropyl ether , 
and 40 per cent petroleum ether, 60 per cent isopropyl 
ether, respeebvely) were taken to dryness and acebc 
aad was removed by repeated evaporabon after the ad- 
difaon of benzene. Ahquots from fracbon 2 were ana- 
lyzed spectrophotometncally for total dihydroxy bile 
aad and for chenodeoxycholic aad (7, 12) , and from 
fracbon 3 for tnhydroxy bile aad. 

In the other procedure, used when mformabon con- 
cemmg the conjugabon of the bile aads was desired, 
the residue was taken up m 50 ml of ethanol and the 
insoluble porhon removed by filtenng Ahquots of the 
ethanoUc solubon, after aadificabon, were fracbonated 
by the reverse phase chromatographic systems of Nor- 
man (13) Appropnate fracbons from the column 
were hydrolyzed, aadified to Congo Red, and free bile 
aad recovered by ether extraefaon. Di- and tn hydroxy 
bile aads were then detemuned spectrophotometncally 

The bile aad content of a 50 ml ahquot of unne was 
determmed as follows After the addibon of 2 5 gm. of 
NaOH, hydrolysis was earned out m the autoclave at 
15 lbs for 3 hours The solubon was treated thereafter 
exactly as desoibed for the hydrolysate of the material 
denved from semm 

results 

Serum and urtne bile aad content 

Table I gives data on the bile aad content 
of the serum and unne of the 40 subjects, to- 
gether with other laboratory findmgs pertinent 
to the hepatic disease Figure 1 illustrates the 
distribution of the serum tnhydroxy/dihydroxy 
bile aad ratios among the four groups of patients 
with hepatic disease 

No bile aad could be detected in the serum or 
unne of any of the subjects without hepatic dis- 
ease (Group I) 

In 12 of 13 patients with Laetmec’s arrhosis 
(Group II), the serum contained dihydroxy bile 
aad (DBA) m amounts of 0 6 to 5 0 mg per cent 
Tnhydroxy bile aad (TBA) was detectable m 
only 2 of these cases, at a level of 0 4 and 0 6 mg 
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TiBije II 

SeriiU bUe aad deitnninaiioiu 


C«M 


Serum DBA 

Seniffl TBA 

Bfilnibln 


No 


"X. % 

«t % 

»X % 

Comtacot 

13 

7/28/JS 

62 

0 

55 

Laennec b cirTboiu 


8/8/55 < 
9/19/55 

7.2 

50 

0 

06 

S.S 

4 5 

status quo 


9/28/55 

54 

0 

47 



lO/U/55 

59 

0 

47 


IS 

1/9/50 

25 

04 


Laetmec s drrhosti 


2/15/56 

3/12/56 

17 

1 7 

0 

0 

24 

2.1 

gradually receding 
iaundice 

38 

5/1/56 

30 

27 

10.2 

Chronic hepatitis In 


5/4/56 

35 

14 

10 9 

exacerbation death 


5/10/56 

SO 

29 

11 6 

on 5/26/56 

40 

8/26/55 

9/7/S5 

4 1 

44 

24 8 

Acute viral hepatitis 


25 

36 

11 0 

complete recovery 


9/21/55 

U 

0 

32 


9/30/55 

0 

0 

0.8 



percent Theone subject (Case No 21) in whom 
dihydroxy bile aad was not detectable in the se- 
rum was \n the tentunal stage of hepatic coma 
at the time of the analysis following hemorrhage 
from esophageal vances Urinary btle aad was 
determined in 8 individuals in this group In 2 
cases dihydroxy bile aad was present in the 
amoimts of 4 0 mg , and 7 J mg per 24 hra 

In all 10 cases of obstructive jaundice (Group 
III), the serum contained both di and trihydroi^ 
bile aad TBA concentration exceeded that of 
DBA in 8 cases The ratio of TBA to DBA sc 
rum concentration vaned from 0 9 to 4 6 Five of 
the 6 patients whose unne was analyzed excreted 
both types of bile adds m the unne The 24-hr 
bile aad excretion m the adult patients varied 
from 9 0 mg to 28.4 mg for DBA from 25 0 mg 
to 26 0 mg for TBA. 

The serum of all patients with chronic hepatitis 
m Group IV contained both di and tnhydroxy 
bile aad Dihydroxy bile add concentration ex 
cccded that of trihydroxy bile aad the TBA/DBA 
ratio varying from 0.3 to 0 5 Bile aads were de- 
tected m the unne m all cases studied 

In one case of acute viral hepatitis (Group V) 
on the 20th day of the illness the scrum DBA was 
4 1 mg per cent and the TBA 4 4 rag per cent. In 
a case of acute hepatic injury due to drug toxiaty 
serum DBA was 1.2 mg per cent and scrum TBA 
1 4 mg per cent 


Serwi determtruiltons of scrum bile aads 

In 4 patients the bile aad concentrations were 
detemnned repeatedly dunng the hospital course 
(Tabic 11) There ivas little variation ra the con 
centration of serum DBA m 2 patients with 
Laennec's arrhosis who exhibited little change in 
clinical condition dunng the mtervals cnoom 
passed by these determinations 
On the other hand m a man with chrome hepa 
titis, the scrum bile aads were determined three 
times dunng an exacerbation of his disease The 
scrum DBA level rose steadily while the patient s 
condition worsened with progressive lethargy and 
the onset of neurological symptoms which culmi 
nated in coma and death 
The senun of a 25-year-old woman with acute 
viral hepatitis was analj'zcd three times for bile 
aads dunng the favorable course of her illness 
The decrease in serum bile aads paralleled the 
rapid chmcal improvement 

Observations on the structure of the Sfrwm bUe 
aads 

Smcc the foregoing analyses of hydrolyzed ex 
tracts of senim provided no information concern 
mg the state of conjugation or mode of transport 
of the senmv bile aads and since these details 
arc crucial in the consideration of the mechanisms 
which undcrly the presence of bile aads in the 
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Fig 2 Reu^tionshd? of Serum Dihydroxy Bii^ 
Acid Concentration to Serum Bilirubin Concentra- 
tion IN Patients with Hepatic Disease 

nonnal values for cephalin flocculation or albumm- 
globuUn ratio The patients with appreaable se- 
rum levels of trihydroxy aads tended to have high 
values for serum alkahne phosphatase These pa- 
tients also exhibited high serum cholesterol levels 
In all types of hver disease studied, high serum 
levels of bile aad tended to be assoaated with 
high values for serum bilirubin (Figure 2) In 
our senes the correlation between these values 
ivas better for the patients with Laennec’s cir- 
rhosis, where practically all the serum bile aad 
was of the dihydroxy type, than for the patients 
with bibary obstruction 

In the patients with Laennec’s arrhosis, the 
serum DBA level did not reflect the over-all se- 
venty of the disease Several patients with Laen- 
nec’s arrhosis advanced enough to produce neuro- 
logical symptoms (Cases Nos 11, 17), severe 
portal hypertension (Cases Nos 16, 17, 20, 21) 
or marked hypoalbummemia (Cases Nos 12, 21, 
22), exhibited relatively low serum DBA Al- 
though serum DBA concentration showed httle 
fluctuation in the individual arrhotic patient 
(Table II), it was highly vanable from one patient 
to another Serum DBA concentration undoubt- 
edly is determined by the interplay of several fac- 
tors, including the rate of conversion of choles- 


terol to bile aad and the concentration of trans- 
porting plasma proteins 

Excretion of bile aads tn the unne 

Bile aads were found in the unne of all patients 
with obstructive jaundice having appreaable se- 
rum levels Bile aads were not found in the 
unne of most patients with Laennec’s arrhosis 
The presence of bile aad in the unne of two ar- 
rhotic subjects (Cases Nos 18 and 19) may be 
related to a moderate protanuna which was pres- 
ent m both of these patients 

The mechamsm of renal clearance of these sub- 
stances appears to be glomerular filtration fol- 
lowed by extensive tubular reabsorption At a 
serum concentration of 5 mg per cent approxi- 
mately 76 per cent of TBA and 95 per cent of 
DBA IS bound to serum albumm Only the im- 
bound serum bile aad would be filtered by the 
glomeruh On the basis of serum concentrations, 
bmding constants (15) and unnary bile aad con- 
tent, it was calculated that more than 95 per cent 
of the filtered bile aad was reabsorbed by the 
tubules m several patients with obstructive 
jaundice 

Preliminary observations have indicated that 
the bile aads in both the unne and serum of pa- 
tients with obstructive jaundice are largely m 
conjugated form In patients with Laennec’s 
arrhosis, only a small portion of the serum bile 
aad IS conjugated Differences in the state of 
conjugation of the bile aads may affect thar re- 
nal tubular reabsorption Further study of the 
nature of the bile aad conjugates in serum and 
unne will be necessary, m order to understand the 
differences m unnary excretion of bile aads in 
these patients 

SUMMARY 

In normal subjects, bile aads were not detec- 
table m the serum or unne In 12 of 13 patients 
with Laennec’s arrhosis, 0 5 to 5 5 mg per cent 
of dihydroi^ bile aad (DBA) was present in the 
serum In only two of these patients was tnhy- 
droxy bile aad (TBA) detectable (04 to 06 mg 
per cent) Only a small proportion of the serum 
dihydroxy bile aad from patients with Laennec’s 
arrhosis was conjugated Impaired activity of the 
conjugating and hydroxylating enzymes within 



SERUM BILE ACIDS IN PATIENTS WITH HEPATIC DISEASE 


537 


the liver cells probably accounts for the serum 
bile aad findings in tins group 

All o! 10 patients with biliary obstruction were 
found to have an accumulatioti of both tn and 
dihydnn^ bile aads in the serum The ratio of 
tn to dihydroxy aad vaned from 1 to 4 In these 
patients the serum bile aads were largely con 
jugated with glyane and taunne, and probably 
accumulated in the blood as a result of regurgi- 
tation from the biliary passages. 

The following correlations were observed be 
tween serum bile aads and the other findings of 
hepabe disease m these pabenta 

1) The serum TBA/DBA rabo indicated the 
relative mtensibes of biliary regurgitation and of 
hcpato-cellular injury in the hepatic disorder 

2) Scrum DBA concentration exhibited a cor 
relation with scrum bilirubm in both hepato- 
cellular and regurgitative jaundice 

3) In patients with a component of biliary ob- 
struction, the serum TBA concentration was pro- 
portional to the hypercholesterolemia. 

Bfle aads were regularly excreted tn the urmc 
by patients with obstructive jaundice but were 
not detected m the majonty of pattenU with 
Laennec’s cirrhosis Differences in the state of 
conjugation of the bile aads appear to affect the 
renal clearance of these substances 
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Although many observations indicate that bile 
aads and their denvatives may be bound by serum 
protems, little information upon the quantitative 
aspects of this reaction is available Lecomte du 
Nouy (1) observed that the activity of bile salts 
m lowenng the surface tension of aqueous solu- 
tions was suppressed by the presence of serum 
The activity of human albumin m prevenbng the 
lysis of red blood cells by the bile salts was be- 
heved by E J Cohn to indicate the binding of 
these substances by albumin (2) The bile aads 
which are contained in the serum of patients with 
hepatic disease have been found m this laboratory 
to be largely non-dialyzable (3) These obser- 
vations indicate that these substances are bound 
by serum protems This binding to proteins is a 
factor which may mfluence the serum concentra- 
tion and renal clearance of the bile aads, as well 
as their relationship to such other serum con- 
stituents as the hpids and bihrubin The present 
report is concerned with the binding of several bile 

TABLE r 


Binding of bile acids by human plasma protein fractions 


Plasma 

protein 

fraction* 

CCohn (4)] 

mM X 10”* of bfle add bound by 

100 mg- of protein 

Deoxy 

cholic 

add 

ChoUc 

add 

Glycodeoxy 

cholic 

add 

Glyco- 

cholic 

add 

I 

0 

0 



II 

0 

0 



III 

1 s 

0 

1 6 

0 

IV-l 

1 8 

0 

1 3 

0 

V 

33 

1 4 

33 

1 3 


* Major components of these fractions are as follows 
I, fibrinogen, tl, 7 -globulm, III, j3-globulins , IV-1, o- 
globuhns , V, albunun 


1 This mvestigation was supported m part by a research 
grant, H-52, from the National Heart Institute, National 
Institutes of Health, Pubhe Health Service, and by 
grants from the Albert and Mary Lasker Foundation and 
the Ames Company 

* Fellow of the New York Heart Assoaation 


aads by certain plasma protan fractions, as meas- 
ured by the dialysis-equilibnum method, and with 
the effect of pH upon this reaction 

MATERIALS AJTD METHODS 

Studies were made of the amount of bile aad bound 
by the different fractions of human serum protem iso- 
lated by Cohn’s method (4) Ten ml of a 1 per cent solu- 
tion of each fraction m buffer (0 15 M NaQ, 0 01 M Na 
phosphate, pH 7 6) was placed m a small cellophane 
dialysis sac and eqmhbrated at 5° C for 48 hours against 
50 ml of a solution of the sodium salt of a cholamc aad 
dissolved m the same buffer At the same time 10 ml 
of buffer were equilibrated agamst SO mk of the solution 
of cholamc aad.” 

After equilibration with buffer or serum protem, the 
bile aad concentration m the outer solution was deter- 
mined spectrophofometncally (5, 6) on an aliquot of 
from 1 to 3 ml ♦ The concentration of cholamc aad m 
the outer solution, which represents also the concentra- 
tion of unbound bile aad withm the sac, makes it pos- 
sible to calculate the total quantity of unbound bile aad. 
By subtraction of unbound bile aad from the total bile 


* The dialysis tubmg was boiled three times and rinsed 
repeatedly with distilled water pnor to use. 

The eqmlibration was virtually complete after 24 hours 
Increasmg the time beyond 48 hours produced no fur- 
ther change m the concentration of the cholamc aads 
m the outside phase. When only buffer was placed in 
the sac, the concentration of cholamc aad after equih- 
bration was identical m the inner and outer solutions, 
and was equal to the value calculated from dilution. 
There was no evidence of adsorption by the membrane 
itselL 

< In the spectrophotometnc determmation of bile aad 
possessmg one hydroxyl group, the 65 per cent sulfuric 
aad reagent must be replaced by a 9 to 1 mixture of con- 
centrated HSOi and glaaal acetic aad, as was first 
shown m the case of hthochohe aad by Mimbeck (7) 
Monohydroxy bile aads possessmg a double bond m the 
rmg system, however, exhibit a smtable ultraviolet ab- 
sorption spectrum m 65 per cent H,SO, after heating at 
60” for 15 nimutes 

The contents of the sac were not analyzed smee the 
presence of the protem decreases the exactness of the 
cholamc aad determinations 
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add content o£ the fyjtem, the qmntity of Hie add 
botmd by the protdn withm the sac was calculated. 

The Dorman effect was considered to be of negligible 
magmtode and was disregarded in the calcolatioiu, 
Comroeroal samples of deoxycholic add, hyodeoxy 
chohc add and cholic add were employed In these stud 
iea. The following compounds were loudly supplied by 
Dr Erwin H. Mosbacfa Taurine and glycine conjugates 
of deoxycbohc and cholic adds cfaenodeoxychoUc add 
UthocboUc oad 7 h y droxy cholardc add 3-hydfoxy 12 
keto cholamc aad 3, 7-dihydraxy 12 Veto cbolanic add 
and the formyl denTatlres of deoxycholic and cholic adds. 
3 12-<lihydroxy 7 keto cholanlc acid was donated by Dr 
Norman A. Huhne of Sterling Wintbrop Rcscatx^h In 
stitute. 3-h y drci x y 12 keto, d9-ll choleiuc add was 
gSytJ3 by -Dr XarJ PjQjcter ri .Merck Research 
tories. The protdn fractions of human plasma were 
generously donated by Dr J M. Ashworth of the 
American Red Cross through E. R- Squibb and Sons. 

BJSStJLT* 

Binding of bUc aads by various plasnia proteins 

The extent of binding of deoxycholic and choUc 
aada, by 100 mg of each of S plasma protein frac 
tions 13 indicated by Table I The protem uj a 
volume of 10 rah, was equiUbrated agamst X2J X 
10** mM of bile aad in a volume of SO ml 
Among the plasma proteins albumin exhibits the 
greatest bmding activity towards both of these 
bile aads The uptake of deoxychoUc and glyco- 
deoxychohc aads by Fractions III and IV 1 was 
approxiraatcly half that shown by albumin. Fi 
bnnogen and gamma globuhn did not bind either 
deoxycholic or chohc add 

Extent of binding by albumm of the screes of 
cholamc aads 

The chemical structure of the bik aad was 
found to influence the extent to which it is bound 
to human serum albumin 
Ten ml of a 1 per cent human scrum albumin 
solution ( 1 4 X 10^ mM of albumm) was equih 
brated with 50 ml of buffer containing 127^ X 
10^ mM of a number of bile adds and their derrva 
tives Table II lists the bile aads and derivatives 
studied, together with the number of moles of 
the bile aad bound by earh mole of albumin under 
these conditions. The extent of binding decreases 
as the number of hydroxyl groups on the nng tys 
tern IS increased It was greatest for the bile aods 
with a single hydroi^l group and least for chohc 
aad which has three hydroxyi groups The posi 


tion of the hydroxyl groups in the nng system has 
little mflucDce upon the degree of bmding Nather 
conjugation of the carboxyl group with glyane 
or taunne, nor covering up the hydroxyl groups 
by the formyl radicals greatly changed the extent 
of banding 

The introduction of a keto group m either the 7 
or 12 position of the nng system suppresses the 
affinity for albumin. In the only unsaturated com 
pound tested (3-hydroxy, 12 keto A9 11 cho 

TABLE n 


Btndtni of variinu eholanic aads by human sfrum oSburutn 




Moloo/ 



add 

boaodby 




COBQBOO OAOIt 

StruetorD ofalbambi 

Ifonakydraxycholamc aads 



Litbocfaolic acid 

3<OH cholamc arid 

6^ 


7>OH cholantc and 

67 

DOiydroxychdank acids 



Deoxycholic add 

3 Udi-OHchohinic 
arid 

3 6 di*OH cholnruc 
arid 

3 7 di*OH cholamc 

23 

32 

30 

Hyodeoxycholic arid 

Chenodeoxycbollc arid 

add 

THhydroxyckclanic aads 



Cholic Bad 

3 7 12 tribydroxy 



cholanlc aad 

n 

CtmjuiaUd chaJanic aads 



Glycodeoxycholic aad 

3 IZdi-OHcholonyl 

23 

T^urodeoxycholic aad 

ciycfne 

3 l2di-OHchoIanyl 

taunne 

2J 

Glycocbolic arid 

3 7 I2tri-OH 

92 

TBUTOcboUc add 

M 

cholanyl taurine 

.59 

KsUxhaUtnK aads 





3-OH 12 keto 



cholonic aad 

0* 


3 7dI-OH 12 keto 



chobmc aad 

0 

— (Unaaturated) 

3 12 dlhydroxy 7 
ketocholanic arid 
3^H 12 keto A 

0* 

^llcholcnlc add 

16 

FormylaUd ckalanu aads 



DlformyldwEcycholtc arid 

Dlfonnyl3 12 dl 


hydroxy cholamc 
aad 



Trifonnj'l cholic aetd 

TrifonnyI3 7 lltri 


h}-dro^cholanic 

arid 

1.2 



• With faryer amemnU of xfbunun ft i» posjfbfc to dwn 
cmstnxte iHtnt tnndinff of the»e two cholanlc sod deriva 
tivcf by albumin 
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Fig 1 The Binding of Deoxycholic Acid by SO mg of Human Albumin at 

Various pH’s 

Five ml, of 1 per cent albunun solution in buffer was dialyzed agamst 2 5 mg 
of sodium deoxycholate in a volume of 25 mL of buffer 


lemc acid), the introduction of a double bond into 
the ring system increased the extent of binding 
with albumin 

Effect of pH Oil binding reaction 

The effect of hydrogen ion concentration upon 
the mteracbon with albumin was studied, in the 
case of deoxychohc aad, over a pH range of 5 9 
to 11 6 (Figure 1) The reaction is indifferent 
to hjdrogen ion concentration until the pH of 
9 0 IS reached Above pH 9 0 the affimty for al- 
bumm decreases rapidly, and is nearly absent 
above pH 11 0 Denaturabon of albumin by alka- 
line pH was excluded by the finding that the al- 
bumin solubons, after the expenment had been 
completed, exhibited the usual uptake of deoxy- 
cholate at pH 7 6 

Calculation of binding constants 

It IS apparent from Table II that each mole- 
cule of albunun can bind more than one molecule 
of cholamc aad The number of molecules of 
cholamc aad bound by one molecule of albumin is 
detennmed by the concentrabon of unbound cho- 
lamc aad The relabonship between bound and 
unbound cholamc aad involves bvo parameters 
the dissoaabon constant of the albumm-bile aad 


complex (K) and the maximum binding capaaty 
of the albumin molecule (n) 

If it is assumed that m a molecule the size of 
albumin, the reacbvity of a bmdmg site is not 
markedly affected by the state of other binding 
sites, then the reacbon can be treated as a simple 
bi-molecular reaction bebveen the binding site 
and the cholamc aad 

The eqmhbnum condibons of this reaction may 
be formulated as follows (8) 

1/r = K/n 1/(A) + l/n 

where r is the rabo of moles of bound cholamc 
aad to moles of albunun, A is molar concentra- 
bon of unbound cholamc aad, n is maximum 
moles of cholamc aad which can be bound by one 
mole of albunun, and K is dissoaabon constant 
of the albumm-cholamc acid complex It is ap- 
parent that a plot of I/r as a funcbon of 1/A 
should assume a hnear form, the verbcal inter- 
cept represenbng l/n and the slope representmg 
K/n By this method, the constants K and n may 
be calculated for each bile aad 

Such data have been obtained for deoxychohc 
aad and cholic aad (Figure 2) Solubons of the 
sodium salt of each bile aad m buffer, were pre- 
pared with a bile aad concentrabon of 1 27 X ICH, 
2 54 X 10-^, 5 08 X 10-*, and 12 70 X 10** mM 
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per ml Fifty ml of each aolution were equih 
brated with 10 ml of a 1 per cent solution of al 
bumin m buffer Measurement of unbound bile 
aad concentration in the outer solution after 
equilibration, and calculation of quantity of bile 
aad bound by the albumin within the sac, pro- 
vided the data for the curves in Figure 1 From 
the intercept and slope of these curves, it may be 
calculated that for deoxycbolic aad K = 7 4 X 
10~* and Ti = 12, for choUc aad, K = 6 5 X 10^ 
and n = 4 

DISCUSSION 

The bmding of the cholanic aad senes of com 
pounds by scrum albuimn might have been pre- 
dicted from knowledge of the interacbon of serum 
albumin with long chain fatty aads and with a 
vanety of other orgamc anions (9) Scrum al 
burnin has been considered to be umque among 
the plasma protein fractions m its ability to bind 
organic arnons (10) The present data confirm 
the preeminence of alburmn m this regard, but in 
dicate that the Upoprotein-contaimng Fractions 
III and TV 1 also interact with the cholanic aads 
although to a lesser extent than does albumin. 

The pH effect, namely the suppression of bind 
mg above pH 9 is compatible with the existence 
of an electrostatic bond bet^veen the positively 
charged c-amino group of lysine (pK 9.3) and the 
negatively charged carboxylate group of the cho- 
lamc aad, as the primary force responsible for 
the bmding This finding parallels that of Kloti 
and WaBcer in the bmding of methyl orange by 
bovine scrum albumin (11) 

However the existence of secondary forces be- 
tween albumin and the bile aad is indicated by the 
variation m extent of binding among closely re 
lated cholanic aads (Table 11) The data indi 
cate that the polaneabon of the cholanic aad 
nng system by the successive introduction of 
hydroxyl groups suppresses the affinity for 
albumim 

There are three times as many sites in albumm 
available for bmding deoxyebobe aad, a dihy 
droxy compound os are available for bmding 
cholic aad v.hich possesses 3 hydroxy groups 
These observations are consistent with the postu 
lated role of van der Waal forces acting upon the 
non polar region of the smaller molecule, m de- 
termining the affinity of the substance for albumin 



Fic. Z BiKDiwo or DsoxYcnouc Aod (DCA) 
AND Chouc Acm (CA) by Huvax Alsumw as a 
FtmenoN or Co^cli^^tATTo^» or tot Uhbount) Aon 


(10) The marked reduction of affinity for al 
bumin which results from the presence of a keto 
group m the nng system likewise appears to be 
caus^ by changes m the pobnty of the nng 
system 

The cjdopcntano-perhydrophenanthrene nng 
system of the bile aads is also found in such 
biologically important substances as cholesterol 
steroid hormones and cardiac glycosides which 
differ from one another in the structure of the 
nng system and m the nature of substituent groups 
upon the nng Study of bow the interactloD of 
cbolamc aads with albumin is modified by changes 
in the structure of the cholamc aads may yield 
informatKwi of interest The testing of addibonal 
cholanic aad denvatives will provide further in 
formation on the relationship between molecular 
structure and affimty for the vanous plasma 
protons 

SUMMARY 

The bmding of bile aads and their dcnvativcs 
by the proton fractions of human plasma has been 
studied b} the dialysis-cqailibnum method Al- 
bumm exhibits the greatest bmding activity to- 
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wards these compounds The hpoprotein-contain- 
ing globuhns, Cohn Fractions III and IV-1, bmd 
approximately half as much deoxychohc aad and 
chohc aad as does albumin y-globulm and 
fibnnogen do not interact with the bile aads 
The affimty for albumin is reduced by the in- 
troduction of polar groups into the steroid nucleus 
Thus the extent of binding decreases m the order 
monohydroxy > dihydroxy > tnhydroxy cholamc 
aad Binding of keto-cholamc aads to albumm 
could not be detected 

The effect of pH upon the binding reaction 
suggests that the pnmary attraction bebveen al- 
bumin and the cholamc aads is an electrostatic 
bond between the positi\ely-charged lysme side 
chains of the former and the negatively-charged 
carboxyl groups of the latter 

The binding constants of albumm ivith two bile 
aads were calculated 
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Tvt larg^ number recent publications con 
ccming Hat inter relabonahips between the centra! 
nervous system and the anterior pitiutary testifies 
to the intense mterest m this subject (2, 3) Par- 
ticular attention has been devoted to the eSects 
of hypothalamic stimulation or injury upon pitui 
tary ACTH release and adrenal cortical response. 
The work of deGroot and Hams (4) Hume and 
Wttenstein (5), Porter (6), McCann (7) and 
many others has indicated the importance of hy 
pothalanuc integrity in the normal release of 
adrenocorticotropm from thepituitaiy in responae 
to a stimulus “* 

Another approach to the problem of neural con 
trol of the pituitary has been made through the 
use of central nervous system-depressant drugs 
such as morphine (8), which reportedly exerts an 
inhibitory influence upon pituitary release of 
corticotropin in response to aente stressing pro- 
cedures Among the drugs so used is the pheoo- 
thiazlne dcnvative l0-(*y-dimctbylanunopropyl) 2 
chlorophenothiazme ( largacBl/’ chlorpromazine) 
A major site of action of this agent has been 
thought to he the hypothalamus (9) Some weight 
was lent to this supposition by the finding of 
Wasc, Christensen, and PoUev that chlorpromanne 
labeled with S” was accumulated in the hypo- 
thalamus in concentrations exceeding those at- 
tamed m other areas of the brain (10) 

Reports of the effect of this drug upon the 
adrenal response (and by inference, upon the hy 
pothalanuc pituitary adrenal response) to vanous 

^ Supported In part hy a grant to Dr Joseph W Jailer 
from the National Injtitote of Arthritis a»d Metabolic 
DUeasei (A 19SIC]) These data were presented m 
prelhnmaiT form at the 38lh Annnal Meeting of the 
Endocrine Society Jtme, 1956 (1) 

* John and litaTy ^ Majklt Scholar In Medical Sdence. 

* Dickenson TraTellng Fellorr Unlrersjty of Man 
Chester England. 


stresses have described conflicting findings Us 
mg rat adrenal ascorbic aad-dcpietion as the m 
dex of adrenal response Aron (11) Hamburger 
(12) Ohler, Sevy, and Weiner (13), and OlUng 
and deWied (14) have independently showil that 
chlorpromanne apparently blocked adrenal as 
corbie aad depletion after operative shock. Holz 
bauer and Vogt (15) foimd that the drug failed 
to inhibit this response, and Cheymol dcLecuw 
and Ogcr (16) were able to shon only a partial 
interference Additaonal difficulties arose from the 
work of Georges and Caho (17) who observed 
that chlorpromazine could itself produce eosino- 
pema in rats of Egdahl, Richards, and Hmne 
(18) who demonstrated devalions of cortisol 
Icv^ m adrenal venous blood of intact dogs after 
intravenous chlorpromazine administration, of 
Hamburger (12) who showed moderate ascorbic 
aad depletion after chlorpromazine alone and 
of Harwood (19) who reported rises m plasma 17- 
hydroxycorticosterold values m monkeys given 
the drug 

In the face of these conflicting data, the folIm\ 
mg study was undertaken in an attempt to clanfv 
the effects of chlorpromarmc on the adrenocorti 
cal response of human subjects to acute stimuli 

METHODS AKD MATERIALS 

L Esrpenmental Procedure The fUmtiltu employed fti 
this ftudr v-a3 hunlln cema as used in the treataent of 
patients with schitophrewa. The index of pltatary 
admial response was the riie in pbnru 17-OH-corticos 
terod lereli. Such rises have been reported to occur 
eren eiter ntild insulin hypoglycemia (20) Plasma 
steroid responses to insulin m scWxophrerac patients 
were ihawn to be entirely comparable to the normal by 
BIm, Migeon, Branch, and Samuels (21) 

The procedure was as follows. Nine patients, seven 
fesoales and two males aged IS to 44 who were under 
eoiaff imoHn coma treatment for schizophrenia were se- 
lected. Control blood samples for plasma corticosteroid 
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determmabons were drawn at 6 30 am Standard m- 
sulm was then admimstered subcutaneously m doses of 
45 to 670 muts Two additional blood samples were then 
drawn, one at the beginiung of coma, and the second just 
before its termination (i e , at 3 and 4 hours after msulm) 
Four to 21 days later the same procedure was re- 
peated after pre-treatment at 4 30 ajn and at 6 30 am 
with SO to ISO mg of chlorpromazme hydrochloride 
given orally, for total doses of 100 to 300 mg This tim- 
mg was selected m an effort to attam maximal blood 
levels of the drug at the mception and at the height of 
coma (9) 

Three to 17 days after the chlorpromazme experiment 
was performed m a given patient, the procedure was re- 
peated ivithout chlorpromazme. 

In eight of the mne patients, blood specimens for glu- 
cose determination were obtamed at 0 time (6 30 a.m ) 
and 3 hours after msulm admmistraUon 
2. Effect of chlorpromamne upon response of the 
adrenal cortex to exogenous ACTH In order to rule 
out the possibihty that chlorpromazme might exert an 
effect upon adrenal cortical response to ACTH, patients 
treated with the drug m large doses (400 to 1,000 mg per 
day) for periods of 25 to 70 days were subjected to 
standardized mtravenous ACTH tests m a manner previ- 
ously described (22), the mdex of response agam being 
the nse m plasma 17-OH-corticosteroid levels 
In addibon, three patients received chlorpromazme 
acutely, ivith a dose schedule hke that employed m the 
insuhn coma studies, and then were subjected to mtra- 
venous ACTH tests 

3 Analytical methods Levels of plasma 17,21 dihy- 
droxy-20-ketosteroids were estimated by the Silber- 
Porter method (23), as modified m this laboratory (24), 
and more recently, by a procedure which mcorporated 
the essential features of the changes made by Peterson, 
Wyngaarden, Guerra, Brodie, and Bunim (25) and 
which eliminates the need for addmg cortisol to the 
unknowns 

Blood glucose determinations were made accordmg to 
the method of Benedict (26) 

For more specific measurement of plasma 17-OH-corti- 
costeroids, paper chromatography was resorted to This 
was deemed necessary because it was noticed as the study 
progressed that a pink color formed m the blank tubes of 
plasma samples taken from patients who had received 
large doses of chlorpromazme. In vitro studies revealed 
that this chromogen was due to chlorpromazme and that 
It also mterfered with optimal development of Porter- 
Silber chromogen, i.e , with the development of the color 
reaction between cortisol and phenylhydrazme sulfunc 
acid. Readmgs were reduced, at most, to values 15 per 
cent below control levels m in intro experiments in which 
chlorpromazme m amounts eqmvalent to 250 micrograms 
per 100 mk plasma was added to known amounts of cor- 
hsoL* Attempts to separate chlorpromazme from corb- 

* No reliable quanbtabve data are yet available con- 
cemmg the plasma levels of chlorpromazme attamed m 
human subjects given the usual doses of the drug (9) 


sol in vitro and in vivo by washmg extracts with 1 N sul- 
func acid (9) and by means of column chromatography 
(18) were not successful 

Separabon was achieved by paper chromatography 
Plasma svas extracted with ethyl acetate, washed with 
base, subjected to hexane methanol parbhon, and the 
dned extract chromatographed m a formamide chloro- 
form system as descnbed by Burton, Zaffarom, and 
Keutmann (27) The cortisol region was detected by 
ultraviolet hght absorpbon and mobihty m companson 
with a simultaneously chromatographed reference stand- 
ard of steroid. Quanbtabon of corbsol (and further 
confirmabon of its probable idenbty) was earned out 
after methanol elubon from paper by the colonmetnc 
methods of Porter and Silber (28), and (m one instance) 
Gomall and Macdonald (29) In each case, blanks (sul- 
func and and ethanol without phenylhydrazme or 
2,4-dimtrophenylhydrazme) were run on the eluate of 
the corbsol region of the paper chromatogram. The fact 
that no pink color was detectable m any of these blanks 
was taken as evidence that the chlorpromazme had been 
separated from the steroid. In the 11 samples tested by 
the Porter-Silber method (28), unknowns formed the 
usual yellow color with an absorpbon maximum at 410 
milhmicra. Correspondmg blanks did not give mordi- 
nately high readmgs (4 to 25 per cent of the readings of 
unknowns) either m the chlorpromazme-beated speci- 
mens or m those which were unbeated. 

Recoveries of known amounts of corbsol ranged from 
35 to 75 per cent by this techmc. In intro addibon of 
chlorpromazme m amounts as large as 100 micrograms 
did not alter recovenes of corbsol 

Plasma samples which were subjected to these extrac- 
bon and chromatographic procedures were obtained from 
12 addibonal pabents with msulm coma. Large samples 
of blood were drawn at 3 and at 4 hours, and the two 
specimens from a given pabent pooled together Quan- 
fatabon of post-insulm corbsol levels m the group re- 
ceivmg only msulm was compared with quanbtabon of 
the steroid m the group receiving msulm plus chlor- 
promazme. 

The figure, 250 imcrograms per 100 ml plasma, was ar- 
rived at after tnal and error as a quanbty which pro- 
duced the pink chromogen to a degree greater than that 
encountered m plasma specimens obtamed from the 
chlorpromazme-beated subjects Plasma concenbabons 
m the pabents were therefore assumed to be less than 
250 nucrograms per 100 mk The vahdity of that as- 
sumpbon appears to be borne out by data presented m 
a study pubhshed smee the preparabon of this report 
(Salzman, N P , and Brodie, B B , Physiological dis- 
posibon and fate of chlorpromazme and a method for its 
eshmabon m biological matenak J Pharmacol & Exper 
Therap, 1956, 118, 46) Dogs receiving 20 mg per 
kg of chlorpromazme mtravcnously attamed plasma 
levels of 70 to 260 nucrograms per 100 ml durmg the 
period, OJ to 3 hours after admimsbabon. The doses 
given to the subjects m the present study uere of the 
order of 1 5 to 4 5 mg per kg 
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TABLE 1 

Rufxms* of fihima IT-OH'CoritcosUrcnd levelt to 
iwalin hy^[lycama 
loitial control cxporimtnta 


at 

Irmalla 

{nits) 

Plutu 17.0H<artkaiarold» 
(mieretrMms %) 

Centnd 3 Hcmn 4 Harm 

1 s 

420 

23 

37 

43 

« K. 

390 

21 

26 

39 

t Sc. 

500 

27 

41 

W 

5 L, 

160 

19 

33 

34 

ELM 

270 

19 

43 

46 

5.R. 

50 

26 

33 

45 

r D 

630 

20 

29 

30 

[ s. 

100 

14 

27 

40 

ELM 

320 

22 

33 

44 

leverage 

316 

22 

34 

42 


RESULTS 

RtspOTue of plasma 17 OH-corticosteroui Itvels 
to tttsuJtn coma 

Effects of insuUn coma upon plasma 17-OH 
corticosteroid values are summamed in Table I 
It will be seen that resting levels fell withm the 
aonnal range (4 to 28 imerograms per 100 ral 
[24]), and at 3 and at 4 hours after msulin there 
was a consistent nse to mean levels of 34 and 42 
micrograms per 100 ml respecUvel} These lev- 
els were above the normal range and \verc roughly 
comparable to levels attained by normal individuals 
following intravenous administration of 25 iil 
ACTH (22) There appeared to be no corrcla 
bon between the magmtude of plasma 17-OH- 
corbcosteroid nse and the site of the dose of 
msulin-* 

Effect of chlorproi}iasxnc upon plasma 17 OH- 
corticosterend response to insuhn coma 
Table 11 shows the results m the same pabents 
pre-treated with chlorpromazme It is apparent 
that the resting levels of plasma 17 OH-corb 
costcroids were comparable to those foimd in the 
control expenmenu (mean levels 20 and 22 mi 
crograms per 100 mb rcspecbvely) In contrast 
to the control responses, 17 OH-corbcostcroid 
levels during co ma did not nse but remained 

• Thji doio arrirtd at ty purely empirical meaiu, 
being the dote required to produce talitlactOTy coma 
•wHch was not imduhr prolong^ The required do»e was 
esrtremely -rariable from patient to patient, and tended 
in most cases to become progresrirdy crrtailer durmi: the 
course of the series of coma treatments. 


TABLE n 

Bftcf of cklorprcmasxiu upon plasma IT-OB-coritcoiUroid 
response to rnsuJtn hypoilyctmia 


Fatkat 

losolin 

) 

Chlor 
promaxtoc 
(Total doM) 

Plaama 17-OH<ortko> 
fterold* 

{mknrna ptr 100 aL) 

CoaUol 3 Uenn 4 Hoan 


400 

300 

30 

23 

27 

M IC 

410 

200 

27 

10 

23 

i Sc- 

170 

200 

23 

14 

7 

S L. 

160 

100 

27 

14 

13 

R.M 

300 

300 

22 

0 

27 

S R- 

45 

200 

15 

8 

8 

J 

630 

200 

U 

6 

19 

I S 

120 

200* 

23 

15 

22 

H M 

300 

300 

4 

8 

11 

Average 

281 


20 

U 

17 


*A dose of 150 mg chlorpromazme failed to tnppress 
adrenocortical response to msulin bypoglytemla in this 
pabenL 


Within normal limits The trend of values was 
reminiscent of the nonnal diumal vanabon of 
plasma 17-OH-corbcostermd le\els observed by 
Bliss, Sandberg Nelson, and Eik Nes (30) The 
durabon and depth of coma did not appear to dif 
fer from the coma seen during the control expen 
raents without chlorpromazme. The only clinical 
differences noted were dimmubon of saUvabon 
and Ewcatmg m the chlorpromazme-trcated group 
No differences m depression of blood pressure 
were found. 

In the repeat control experiments plasma 17- 
OH-corbcostcroid levels rose as the} had m the 
tmbal controls in six of eight subjects (Table 
ni) The data from control and chlorpromazme 
experiments m four of the pabents arc presented 
graphically m Figure 1 

In two addibonal pabents chlorpromarine did 
not dearly inhibit the adrenal corbcal response to 
insuhn. Smee Ihe control nses m plasma 17 OH 
corticosteroid levels were also equivocal, it v-’as 
thought reasonable to exdude the findings in these 
cases from the data presented. 

As shown in Table IV depressions of blood 
glucose in the control and chlorpromazme studies 
not differ appreciably 

Chromafographtc siudtcs of plasma 17 OH corti 
corferowfr dunnp inniftn coma 
Table V summanzes the results of chromato- 
graphic fracbonabon and quanbtabon of plasma 
corbsol levels In the Table arc compared the 
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CONTROL THORAZINE REPEAT 


CONTROL 



HOURS AFTER INSUUN INJECTION 


REPEAT 

CONTROL THORAZINE CONTROL 



HOURS AFTER INSULIN INJECTION 


Fig 1 Effect of Chlorpbouazine upon Adrenocortical Response to Insulin Hypoglycemia 
Arrows indicate time of insulm mjechon Data obtained from patients L S , S R, R. M , and S L. (read- 
mg left to right) 


amounts of cortisol detected dunng insuhn coma 
YUth and without chlorpromazme pre-treatment 
Without chlorpromazme, the mean value for 
plasma cortisol after chromatography wus 18 0 
micrograms per 100 ml (without chromatography, 
34 6 micrograms per 100 ml , “recovery,” 52 per 
cent) In the chlorpromazme-treated subjects, the 
average value was 87 micrograms per 100 ml 
(without chromatography, 16 7 micrograms per 
100 ml , “recovery,” 52 per cent) The difference 
between the means of the two groups ivas statisti- 
cally sigmficant (P < 0 01) The fact that about 
the same proportion of cortisol ivas recovered m 
control cmd chlorpromazme experiments after 
chromatography lessened the suspiaon that the 
difference in cortisol levels could be accounted for 
by an adverse effect of chlorpromazme itself upon 
steroid recovery This already seemed unhkely 
from in mtro studies (cf Section 3, Methods and 
Materials') 


Effect of chlorpromazme upon plasma 17-OH- 
corticosteroid response to exogenous ACTH 

Table VT shows the effects of long- and short- 
term chlorpromazme admimstration upon the re- 
sponse of the adrenal cortex to exogenous ACTH 
It IS obvious that only one of the patients (AT) 
showed a very shghtly reduced response De- 
spite the inhibitory effect of the drug upon plasma 
corticosteroid response to msulm, it did not bnng 
about a suppression of ACTH-responsiveness of 
the adrenal cortex as does prolonged steroid ad- 
ministration (31) Similarly, acute administra- 
tion of the drug, given according to the dose 
schedule used m the insuhn studies, had no sup- 
pressive effect upon the response to ACTH 

DISCUSSION 

The data presented confirm the efficacy of m- 
sulm hypoglycemia as a stimulus to the adrenal 
cortex m man (20) The results also mdicate 
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m timing of admimstration of the drug in relation 
to the stimulus imposed, as Hamburger has sug- 
gested (12) The findings presented here and 
earher (11-14) are not necessarily incompatible 
ivith the adrenocortical-stimulating property of 
chlorpromazme demonstrated by Hamburger 
(12), by Egdahl, Richards, and Hume (18), and 
by Harwood (19) The factors of speed and route 
of admimstration may play a role, and as Harns 
has pointed out, chlorpromazme may be to some 
extent a toxic compound like other “blocking 
agents” which have been used in similar experi- 
ments and which themselves cause corticotropin 
release (2) 

This experiment does not eluadate the mecha- 
msm of the demonstrated blocking action of 
chlorpromazme It seems dear from the findings 
presented here and from the work of Ollmg and 
deWied (14) that the drug does not mterfere ivith 
the action of adrenocorbcotropin upon the adrenal 
cortex Itself There is no expenmental precedent 
to suggest that this agent can cause an increased 
rate of disappearance of cortisol from plasma, or 
accelerated hepatic reducbon and conjugation of 
cortisol To date, an increased rate of cortisol 
disposal has been demonstrated only in hyper- 
thyroidism (25) 

In trying to visualize the mechamsm of the 
blockade, one is tempted to assume that the site of 
action of chlorpromazme in inhibiting adreno- 
cortical response (and by inference, pituitary cor- 
ticotropin release) might be the hypothalamus 
Some support for this assumption might be de- 
rived from the known suppressive effects of chlor- 
promazme upon the hypothalamus (9), from the 
moderately selective accumulabon of chlorproma- 
zine in hypothalamic structures (10), and from 
the knowledge that expenmental damage to cer- 
tain hypothalamic nuclei may result in inhibibon 
of ACTH release in response to a stimulus (4-7) 
However, such a chain of reasorang must be viewed 
as enbrely speculabve, and it should be realized 
that the data presented in this report, which might 
be construed as supporbng such a concept, con- 
sfatute only indirect and arcumstanbal evidence 

The fact that relabvely prolonged admimstra- 
bon of chlorpromazme failed to suppress plasma 
17-OH-corbcosteroid response to exogenous 
ACTH (m contrast to long-term steroid admims- 
trabon [31]) is not necessanly incompatible with 


the inhibitory effect of the drug upon adrenal 
corbcal response to an acute sbmulus The two 
apparently contradictory findings may perhaps 
be reconciled by Harris’ concept of a dual control 
of the central nervous system over corbcotropin 
release, one mechanism operabng under quiescent 
condibons, the other under condibons of “stress” 
(2) Such an explanabon is again speculabve, 
and It IS emphasized that the above discrepancy 
cannot be sabsfactonly accounted for on the basis 
of present informabon 

Fmally, it is perhaps of some importance that, 
however produced, blockade of adrenal corbcal 
response to the rather severe stress of insuhn 
did not result in any chmcal symp- 
toms suggesbng adrenal corbcal msuffiaency 
Similar observabons were made when adrenal 
corbcal response to typhoid vaccme admimstra- 
bon was prevented by blocking the pyrogemc re- 
acbon with aminopynne (32) These findings 
may be interpreted as supporbng the concept of 
the “permissive” role of the adrenal cortex in 
homeostasis as stated by Ingle (33), and again 
raise a quesbon as to the advantage for the or- 
gamsm of large increases m adrenal corbcal ac- 
bvity in response to acute sbmuli 

SUMMARY 

1 Insuhn coma ivas again shown to cause 
adrenal corbcal response in man, as measured by 
rises in plasma 17-OH-corbcosteroid levels 

2 Chlorpromazme usually inhibited this adrenal 
corbcal response to insulin hypoglycemia 

3 Chlorpromazme had no inhibitory effect upon 
the response of the human adrenal cortex to ad- 
mimstered adrenocorbcotropin 
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A number of studies m the dog and in man 
(1-6) have demonstrated a maximal renal tubu- 
lar reabsorptive capaaty for phosphate (TmP ®) 
However, some investigators have demed that the 
reabsorption of phosphate conforms to Tm charac- 
tenstics (7-9) These workers have suggested 
that phosphate reabsorption is conditioned by the 
rate of phosphate filtration such that a fairly con- 
stant proportion of the filtered phosphate is reab- 
sorbed In view of the conflictmg evidence and 
the relative paucity of phosphate titration studies 
on man, experiments were performed in order to 
obtain information on the mechanism of phosphate 
reabsorption, the constancy of reabsorption in any 
one individual, and its vanabihty in a group of 
subjects The data were required for subsequent 
investigations designed to evaluate the influence of 
several factors on renal phosphate transport The 
studies were performed on normal mdividuals and 
in patients with parathyroid disease 

It was found that in any given experiment a 
TmP was demonstrable However, the vanabihty 
in TmP seen in most of our normal subjects be- 
tween consecutive penods of a smgle experiment 
and between experiments generally exceeded the 
vanabihty reported for glucose Tm and for PAH 
Tm Furthermore, the range of values for TmP 
withm a group of normal mdividuals is so large 
that an average value has httle meamng Fluctua- 
tions in TmP in our subjects could not be con- 

1 Present address Department of Physiology, Cornell 
XJmversity Medical College, New York 21, N Y 

* Present address Department of Medicine, Harvard 
Medical School and Beth Israel Hospital, Boston, Mass 

»The followmg abbreviaUons will be used m this pa- 
per P, inorgamc phosphate. Cm, inulm clearance, GFR, 
glomerular filtration rate, RPF, effective renal plasma 
flow, Tm, maxinial rate of renal tubular reabsorption 
Ca, calcinm, K, potassium, PAH, para-ammo hippurate. 


sistently correlated with the level of calaum or 
phosphate tn the diet 

METHODS 

Subjects 5^ Studies were earned out on ten normal sub- 
jects, three patients with post-thyroidectomy hypopara- 
thyroidism, and one individual with hyiierparathyroidism. 
The normal individuals included five male and three fe- 
male volunteers aged 20 to 27 years, one I7-year-oId 
male (C H ) convalescmg from a hip injury, but am- 
bulatory durmg most of the studies, and a 26-year-old 
female (W H.) hospitahzed with a diagnosis of hypo- 
parathyroidism, bnt found to have normal parathyroid 
funetton. The hypoparathyroid paUents, a 37-year-old 
male and two females, aged 42 and 52, had not been treated 
previously with any medicaUon other than calcium salts 
The mamfestahons of hypoparathyroidism were severe 
in the male and mild m the females The hyperpara- 
thjToid subject, a 72-year-old male, was subsequently 
cured by the removal of a parathyroid adenoma. 

All subjects were hospitahzed on a metabolism ward, 
and durmg many of the studies they received constant 
diets of calculated calaum and phosphate content There 
were no restrictions on the patients’ activities 

Design of experiments Studies were begun about 9 
am with the patient fasted for 12 to 16 hours One- 
half hour prior to the start of each study the subject m- 
gested a hter of water and thereafter drank 200 mb of wa- 



Fig 1 The Quantities of Phosphate Filtered, 
Excreted, and Reabsorbed During Intravenous Phos 
PHATE Loading in a Hypoparathyroid Subject 
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TaVLS 1 


Efeet of deoalion of plasma \nor§anic phasphiU on the ^ttaniUy of phosphate filtered exereied and reahsorbed * 


Total 
emetu rctil 
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Urine 

flow 

Cu 

Jjs. 
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tMoa 

P 


Pboaphata 


P reib 

P fli t. 

FDteted 

Excreted 

iiU/min, 

Reabaortietl 

35-39 

Prune containing faulin and PAH given 






39 

Infusion 1 con taming faulm and PAH begun at 3.2 ml per mfa 
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0 93 

002 

121 

02 

121 
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•odium pho*phate at QfiS mM per min. phis mulin and PAH 
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4.28 

133 

526 

195 

17.5 

260 

75 

185 
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180-214 

2,92 

134 

504 

2,82 

480 

378 

135 

243 

064 

214-241 
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560 
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29.2 

461 

216 

245 

0.53 

241-267 

5 70 

138 

509 

3 49 

44S 

481 

254 

227 

0 47 


* Patient C, normal male eabject, age 17 


ter every 20 to 30 ndmrte* to maintain a water diarests. 
Female tuhjecU were catheterlxed with a tlx bole rubber 
catheter whkh rem^ed m place thruagboot the experi 
ment In the early ttudlet the male tubJecU were aUo 
catbeteriied. However H waa lound that tbeie Individa 
alt were able to void on command hence, catbeteruatioQ 
wat not p er f ormed fa later experiraenti. After a tample 
of Ttnoot blood and one of unne were obtained for de> 
tennfaattOQ of inulmold blank, a pmnlng dote of molfa 
and PAH caknlated to provide plasma levels of 20 and 2 
rag per cent, reipectirdy wat given over a period of 
3 to 5 ndmitet. Constant mfucon of these substances 
dissolved fa phytlological solution was maintained 

by a pump Thirty to sixty mfatrtes after the sustaining 
infution was begun, tnued unne collection periods were 
started. The period vaned m duration from 20 to 40 
minutes, and at the midpoint of «^b, blood was drawn 
from an antecubltaf vein into a hepannUed syringe, Im- 
mediately centnfuged, and the plasma separated. To 
close each period unne was collected by spontaneous 
voiding or t hr o ug h the catheter followed by Irrigation 
■with 20 to 60 mi. of distilled water and about 30 niL of 
air 

After two to four periods the infusion was changed to 
one containing buffered sodnim phosphate, pH 7 40 fa ad 
(fitkin to inuhn and PAH. A suffiaent volume of a 0.5 M 
phosphate solution was incorporated fa the Infusion to 
provide for the delivery of 0 4 to 0£ mH P per raurote. 
Such an tafnsioo was continued for sixty minutes before 
ttrme collectious were again begun. This period was tuffi 
dent to allow elevation of the plasma P to the desired 
levels and to assure a relativdy slowly Increasing plasma 
P concentration during the collection periods. Studies 
were earned out for two to four periods at the derated 
plasma P levels. In some ex periments there followed a 
third infusion designed to elevate further the plasma P 

Dietary iniaie The low intermediate and high cal 
dam diets contained 130 SOO and 1500 mg., respectively 
daily A low P Intake was achieved by the adminlstra 
tioo of a diet containing 600 mg of P daily and, in sev 


cral studies by adnumstenug in addition 35 mb of ahimi 
mun carbonate gel, one hour after each meal and at bed 
tune. The mtennediate P diet contained 1,200 mg., and 
the high P diets 1800 to 3 000 mg P In several experi 
meuts vanatiotu fa Ca or P Intake withoot changes fa 
other dietary constitueots were studied by the admmls- 
tratioo of a constant low Ca<4ow P diet supplemented at 
meal time with caldura lactate or 10 per cent pbosphonc 
acid. The ptbent was placed on a gives dietary r^:iffien 
at least three days and often more than a week prior 
to the renal funebon studies. 

Ckeimcal methods Inulhi was detenmned fa plasma 
and urine by the method of Schreiner (10) PAH by the 
method of Smith, Ffakelstem, Ahmlnosa, Crawford, and 
Graber (11) Inorganic P by the method of Fiske and 
Subbarow (12) Plasma Ca was determined by the 
method of Clark and Colllp (13) and urine Ca by the 
method of Sbohl and Pedley (14) Plasma K was de- 
termined oo a flame photometer utilizing on internal 
standard. 

CalcuJahons The clearances of fanlin and PAH were 
taken as mea su re s of GFR and RPF respo^vcly FU 
tered P was calculated as the product of the faulin clear 
once and the plasma P E x cr et ed phosphate was calcu 
lated as the product of urine P concentration and urine 
flow The difference between filtered and excreted P 
was considered to be the reabsorbed P 

RESULTS 

In thirteen studies on four normal and one hy 
poparathyroid subjects P reabsorption •was de- 
termmed at endogenous plasma P lc\‘cl5 and fol- 
lowing 5tcp\vise elevations of the plasma P In 
all instances a maximal rate of phosphate reab- 
sorption was reached, and further devalion of 
plasma P resulted in no further increase m the 
rate of reabsorption This result ii shown for 
one normal subject m Table I Fono\Nnng two 
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and Ca 5 cj in a paper (2) to which the reader can be referred for further details It 
ma\ •suffice to sa\ that in the summer and fall of 1941, S7l cases of poliomj elitis were 
reported in the state of Uabama, and of these, 125 occurred in Walker County 
(population 67,000) One of the areas with the highest case rate in this countj was 
the small town of Cordov'a (population 1670) Here, within an area of 15 to 20 
acres, 12 cases of pohomjelitis occurred among a total population of 181 persons 
Ml of these cases occurred in children and all remained in the community while sick 
It IS probable that there were e\en more cases as wall be seen from the diagram m 
Fig 4 designating febrile illnesses among the 64 ju\ eniles during the penod from early 
June unil late September Late m this epidemic, stool specimens were collected from 
176 indmduals (almost the entire group within the designated epidemic area) and 
tested b\ Wenner and Casc\ None of the 112 tested adults > lelded a positive test 
for the nrus of poliomjehtis but 3 of the 64 children, whose stools were collected 



JJtrMUMYTie cMts OF rouoKmjnt ^^ »»pogTivi cask lUHESsts j^MjrtisAaut&ji^jeAmEr k 

© • FUES POSITIVE rues NECATIVC 

Fig 4 The epidemic wathin one district of Cordova, Alabama Dunng the penod 
indicated at the base of the chart, the juvenfle population numbered 64 

between ^ug 15 and Oct 6 were positive It is safe to say then that 3 or more 
earners v ere present m this epidemic area at the time the first collection of flies was 
made (-^ug 24) and onlj one knowm earner was present at the time the second col- 
lection was made. Sept 19 

On -^ug 19, which was the time of our first \asit to this area, — a site for fly trapping 
V as selected It was located m the heart of the epidemic area, back of a crowded 
group of ramshackle houses and adjacent to several pmaes The occupants of at 
least three houses used one of these pnvics and m two of these houses 3 cases of 
poltoTiv tlitis had occurred with onsets between July 25 and Aug 6 There was a 
n.a.-o-'able chance therefore (although this is not proven) that varus was being de- 
v; posited vathin this pnvj into v hich flics were freelj passing The flv trap was set a 

h- icct from this pnvv (see Fig 5), and the catch obtained on Aug 24 v as shippied 
ndrv icebv airmail toNewHavenwhcreitwasfoundpositiveforthevirus Another 
catch sin lariv collected and sent on Sept 19, prov cd negativ c ' 

In summary then, there is little doubt that at the tune the first specimen of 
fics as collected, there v ere probably several intestinal carriers in the com- 
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munit, , allh'ough a earner survey made 1 month Inter, revealed onlj 3 2T,at 
WM also some reason to beheve that a potental sourte of rmns eststed m th.s 
rommumty durmg the latter half of August, ,n a pnvj to uh,eh fl.es m sample 
A 1 might have been exposed 

Sampk NB-i Bru„^,ri ‘-Dunag the summer of IMl and agam 

m the carlj spring ol 1932 poliomyrbta mijieafed in epidemic fomi in die Pronnee 
of N™ BninMnd. Canada. Store than 200 vnittercd cases had been reporlte) by 
mja ScptcmlKY IWI 



Fig 5 The siti re flics am pQlioru\cliti \iro were trapped at Cordova 
AUbajua, \t tbv Umc < \ug iV) at ^hjch the fis trap was first 5et fwithin tba 
automobile tirv m the foreground^ several children used thi^ pnvj including at least 
3 who were ictenth conval'scent frono paliomvclilis- 

On Scpl 21 and 22 flies were collected bv Or J M Cumeron Distnct iledical 
Health Officer at Mmto Islw Brunswick and these rvcrc shipped to us m dr\ jcc 
air expresa. Fly trapping was accomplished according to the technique dtscribctl 
in the preceding paper and the samptes vete obtained from the premises of two 
households (o) those of AX age 3— a paral>Uc case ivith onset on Sept 7 whose 
home was described as duty inth manv flici and (ft) the home of Jr age U a 
noivparalv tic case with onset Sept IS Thlspaticntvras not sent to the hospital but 

MVe arc indebted to Dr Arnold Bnmehof thcBureauofLaboratoncs Department 
of Health Saint John toDr C-W iUcMillan Chief Medical Officer of ^e^^ Bruns 
wick, and to Dr J M Cammm of Fredericton Vcw Brunswick Canada for col 
lecting these samples 
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Discussicm 

The four positive samples of flies hated in this paper, together with a larger 
number of similar posjtive samples reported by Sabm and Ward (3), and the 
smgle positive sample reported by Toomey et al (4), leave bttle doubt that the 
virus of poliomyelitis can he detected not infrequently either in or on the sur- 
face of certain flies during epidemic times From our own limited experience 
It has been easier to find the virus m association with these insects during epi- 
demics than after the epidemic was over 

A pertinent question which arises from this findmg is Does the virus multi 
ply withm the body of certam flies or is it mertlv earned on their surfaces or 
or in their alimentary tracts? We do not have sufficient data at out disposal 
to answer this question hut one can point out that m at least three of our four 
positiv e samples of files the Insects were collected withm a short distance (a 
few feet to a few j ards) from a potential (though not proven) source of human 
virus m the form of freshly passed human feces. In none of the sites where 
negative samples of flies were obtamed, did we discover an obvious source of 
fresh human feces which could have been recently passed by a proven earner, 
hut It IS nnpoTtant to pomt out that the negative sites were not studied with 
the care that was used with the positive sites. In general nevertheless our 
findmgs suggest that mechamcal transfer of the virus by flies could have been 
responsible for these positive tests, and it is unnecessary' (for us) to postulate 
that multiplication of the virus withm the fly must hav e occurred. Actually, 
however, this second possibihty remams to be mvestigated. The futflity of 
attemptmg to answer the quespon by the limited data m this paper is of coarse 
apparent, particularly as we still know httle of the amounts of pohomyehtis 
viius in nature, — or their sources. For it is quite possible (m spite of the lack 
of proof) that there are sources of pohomyehtis virus m nature other than those 
which come directly from man 

We believe therefore that it would be unwise to read any epidemiological 
impbcaPons mto these findings, for the presence of the virus m these particn- 
lar samples of flies could be entirely a raidtant, and not a causal factor m human 
pohomyelitis Our findmgs to date therefore, merely mdicate that under cer 
tarn arcumstances the vims is earned by flies and we suspect tbeir feeding 
habits to be responsible. At least, m most of the mstances In which the virus 
was isolated m this senes of tests, the flies had had the opportumty of feedmg 
upon fresh human feces which might have contained pohomyehtis virus 

CONCLUSIONE 

Dunng the summer and fall of 1941 19 samples of flies were collected in 
epidemic areas both dunng and after epidemics of poliomjehtis. 

Of 8 samples collected for the most part dunng the latter part of a local 
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<r V- — ! ithn 10 o the on'ct of a local case of poliomjclitis, 4 
^ , V* p f X \bcrias o $ samples collected more than 10 daas from the 
< o ,ric li't local case, none Molded the aims 

la ' i"'i''acc' there u-'s a potential (though not proven) source of virus (m 
t’ >' irmi n c'na cd” human feces of recent origin) within a few jards efr few 
ft n i' r r ic \ lic'c llv collections were made Collections of flies from 3 of 
t' c ^ < te^ V c’dcd the virus 

Nf' •'Ltempt is made in this jiapcr to develop epidemiological implications 
I'om t us tirdintr 
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That indi\nduala differ m their degree of sasceptibUitj to malana has long 
been an accepted fact Such differences have been ascribed to many and 
NTined factors but ft has ne\*cr been possible to demonstrate a direct relation 
ship bc^ ecn any particular factor and the degree of susceptibUity Nu 
tntional status has received special emphasis m this connection, and it is said 
that “nutrition is of the greatest Importance m the reaction to malana" (1) 
There has been, howev er, but scant dmical or epidemiological evidence, and no 
expenmental evidence, In favor of this idea While it is true that malnutntion 
and famine frequently accompany severe epidemics of malana, it is as Ukcly 
that the malana brings about the fomme as that the famine makes the malana 
more severe, Moreow, as pomted out b> Russell (2), famine conditions may 
indirectly Increase the seventy of a malana epidemic by causmg malarious 
mdividuals to attempt to work before they arc fit, mcrcasmg the relapse rate, or 
by drmng infected families mto other areas, which thus become seeded with 
gametocyte earners The only experimental data on the subject are those of 
Passmore and SommerNulle (3) They found that Macacus radtaius monkeys, 
kept on a diet similar to that of the nce-eating poor of India and especially de- 
fiaent in vitamins A and C and in calaum, did not develop more severe infec 
tlons with the monkey malana parasites Plosmadtum cynomolgi and F kiimdest 
than did control monkeys on an adequate diet. 

As we have already reported in a preliminary way (4), experiments with avian 
malana have now shown that the level in the host animal of biotin (5), an es- 
sential growth factor, influences greatly the seventy of the infection More- 
o\ er, the level of bioUn In the blood of chickens and ducks infected with Plas 
modium lophurce has been found to mcrease during the course of the acute 
infection and to return to normal when the infection subsides. 

Methods 

Young Rhode Island Red chickens and White Pekin ducts were rendered blotm 
deficient by feeding them a diet contafning a large ptoportfon of dried egg white (6) 
In the simplest type of expenment, the control animals, which were of the same breed 
age, and group as the defiaent ones received the same diet with the egg white replaced 
by casdn In other experiments the control animals were fed the egg white diet, but 
they received biotm concentrate by mouth or by intrapentoneal injections When 
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the animals were 2 to 4 months old and those on unsnpplcmcntcd egg white diet 
showed signs of biotin dcfiaenQ, thc\ were all inoculated intra\ enouslj with 
appropriate doses, proportional to their bod\ weight, of malana parasites 

PlasTTodium lophurae (7) was used for most of the expenments This parasite, if 
moculated mtra\ enoush m sufiiaentl> large numbers, produces ^ cr\ hea\'\ infections 
m ducks (8, 9) and in bab\ chicks, but onl\ mild infections in older chid ens (7, 
10-12) The exjicnmental ammals were inoculated with an amount of hepannizcd 
blood from a hea\nK infected chicken or duck suffiaentK large to permit an accurate 
parasite count to be made on a thin blood film prepared immcdiateh after inoculation 
The number of parasites per 10,000 red blood cells was determined in the usual 
manner (13) on the imlial blood films and on blood films prepared daiU begmnmg 
with the 2nd or 3rd daj and continuing through the 5th, 6th, 7th, or Sth da% after 
moculation 

Smee relati\ e number of parasites as used as the measure of intensiti of infection', 
it was obnoush important to be certain that the blood \olumc and red blood cells 
per cubic millimeter at the time of inoculation were approximatcK the same in 
expienmental and control animals Direct measurements 'houed that ducks 1 cpt on 
egg white diet for 2 weeks had the same amount of red blood cells per cubic millimeter 
as those not defiaent in biotin Similarh, chicks which were biotin-dcfiacnt after 
more than 4 weeks on egg w hitc diet had a hemoglobin of 85 per cent b\ the Tallqui't 
method, just as did the control chicks on the casein diet The imtial pa-asitc counts 
themsel\es, made in e\crj experiment from blood films prepared immcdiateh after 
moculaUon of the animals, proinde the most conclusi\ c c\idcncc that the proportion 
of red blood cells and the blood \ olurae in relation to bod\ w eight v ere enUreh 
comparable in biotin-defiacnt and non-defiaent animals If, for c’cample the biotin- 
defiaent animals had been, at the time of inoculation, anemic as compared to the 
non-defiaent animals, then the injection into them of do'cs of parasites at the 'ame 
rate, in propiortion to bodj weight, as for non-defiaent anunals would ha\ e ^ icldcd 
higher mibal rclaU^e parasite counts for the defiaent than for the non-defiaent 
anunals •\ctualh , the as crage initial parasite densities for the different groups of 
animals m each experiment were remarkabh uniform (Sec, for example, Tables 1 
and n. Charts 1 to 5 ) 

Biotm assa\s were made on the blood of some of the animals before inoculation 
and durmg the course of the infection 

Diets — The animals to be made biotin defiaent and the control animals were 
supphed dailj with eqmx alent amounts of food, and usualh most of it \ as consumed 
bx the next dax The followang diets were u'cd (composition gix en in percentage bx 
weight) 

\ \ regular babx chick mash \cllow com meal 25 5, xvheat bran S 5, xxheat 
middhngs 8 5, ground wheat 17 1, pinhead oats 17 1, sox bean oil meal 2 6, meat 
soap 6 0, skim milk 4 3, alfalfa leaf meal 8 5, limestone flour 1 2, fortified cod hx or 
oil 0 3, salt 0 4 

B \ standard duck food Yellow com meal 25, wheat bran 25, wheat middlings 
25, meat scrap 25 Stock ducks reccixed this diet as a moist mash mixed wnth a httle 
chopped lettuce WTien this diet was used in expenments, it w as fed drx without anx 
lettuce 
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1 Yellow com meal 40, wheat middlings 25, bran 10 powdered egg white 25, 
plus a small amount of gnts and oyster shelL 

la Same as 1, but egg white rqilaced b> washed casein. 

2 (After (6)) Yellow com meal 48 wheat middlings 24 powdered egg white 24, 
bone meal 1.5, cod H\ er oil 1, salt 0 5 ground <^tcr shell 1 

2a Same as 2, but egg white replaced bv washed casein. 

3 Diet B 75, powdered egg white 25 

3o. Same as 3, but egg white replaced by washed casein. 

36 Same as 3<j but casern first mixed with riboflavin to provide 5 mg. riboflavm 
per 100 gra casein 

4 Diet A 75, powdered egg white 25 

40, Same as 4 but egg white replaced by washed 

4b Same as 4a, but casein first mixed with riboflavin to provide 5 mg riboflavin 
per 100 gm casein 

4-1 Diet 4 mixed with enough biotin concentrate (S.iIjV Co No 1000) to supply 
500 7 per Lg of food fn addition to the biotm of the food This left little excess 
biQtm over that which combmed with the egg white. 

4- II Diet 4 mixed with enough biotin concentrate to supply 1 mg biotin per kg 
of food m addition to the biotin in diet 4 This left an excess, over that which com 
blned with the egg white of about 40 7 per 100 gm. of diet 

5 (After (14)) Yellow com meal 58 part*, wheat middlings 25 parts, washed 
casern 12 parts. These three Ingredients were mixed and heated In sh^ow layers in 
an oven at 120'’C for 30 hours. They were then mixed with one part each of CaCOj 
CaHPO< 2HiO and NaCl and with the following amounts of vitamins per kg of 
ration thiamin 1 mg riboflavin 1 mg., 2 methytl 4-naphtbDquinone 10 mg 

5- 1 Diet 5 supplemented with 15 mg calaum pantothenate per Lg (IS) 

Animals on diets 3 3c 36, 4 4a 46 4-1, 4-II 5, and 5-1 all received once a week 

3 to 4 drops of haliver oil with viosteroL 

Siratns of FaratxUs — The strains of F lophurai were all denved from strain 12A 
of Coggeshall (16) One stram has been maintained m baby chicks and passed by 
intracerebral moculadon every 6 days It represents the original 12A strain except 
that it was passed once through Aeda ae^it mosquitoes before being returned to 
rhtrtr*; and uscd for the present experiments. It was used for all the tests with 
chickens. Three sub-strains ha\T been mamtained m ducks. One (D 1) was de 
rived from the original chid, strain before mosquito passage and was used only for 
Experiment 1 of the experiments described m this paper The second strain (D 2) 
was obtained from D-I by infecting Aeda albopuius mosquitoes and then aHovrms 
them to feed on a duci This stram used in Experiments 2 and 11, has conslstentb 
been less virulent D-1 and most of the dud. strains desoibed in the htera 
turn The third strain (D 3) was denved from the chick stram after mosquito passage 

and IS about as vurulent as stram D-I It has been used for the biotm injection 
cipeninents. All the duck strains were passed by intravenous inoculation evcT> 5 
to 6 days. 

Strain 3T of Plasmodium calkemenum m ducks was obtamed through the kmdness 
of Dr Fnima Wolfson. 

Inoculalion of thi Ammds —In each erpenment the same mfected blood was used 



560 


rNTLTJENCE OF BIOTIN UPON SUSCEPTIBILiri TO ItALARIA 


for the inoculation of all the animals Chickens were infected with P lopliurae b> 
injecting them m the neck vcm wath pooled hcpanniaed blood from 1 week old chicks 
which had been infected 5 days previously Ducks were infected na the neck or leg 
vem with hepannizcd blood, taken on the 5th day of infection, from a single donor 
duck 2 to 8 weeks old 

Bioltti Assays — The microbiological assa> method of Shull, Hutchings, and Peter- 
son (17) was used, with some minor modifications The preparation of the basal 
medium was modified in such a wav as to permit its use for the assaj of pantothenic 
aad as well as biotin The > cast extract was prepared b\ dissoKang 20 gm of Difco 
bacto-ycast extract in 200 ml of 0 5 s sodium hjdroxidc and autoclaving for 30 min- 
utes at 15 lbs, as in the pantothenic aad assav method (18) The solution was 
neutralized wuth glaaal acetic aad, boiled, and filtered The filtrate was diluted to 
1 hter, brought to pH 2 with concentrated sulfunc aad, and treated with nont A and 
then with Superoxol in the manner described bj Shull ctal (17) The adenine guaninc- 
cystme solution was prepared using the amounts given bv Landv and Dickcn (19) 
The stock solution mixture for biotin assav was as follows H^rtrcatcd hvdrol>zcd 
casein solubon, 200 ml , alkali and H;Ortrcatcd nont v east filtrate, 200 ml , vntamin 
solubon (as desenbed in (17) but exclusive of calaum pantothenate), 4 ml , calaum 
pantothenate solution (20 mg dissolved in 50 ml water), 1 ml , adenine guanine 
cysbnc solubon, 200 ml , tryptophane, 150 mg plus a'paraginc, 400 mg , first dis- 
solved in 50 ml hot water, and water to make a total volume of 1 liter For panto- 
thenic aad assay the stock solution mixture was prepared in the same wav except 
that the calaum pantothenate was omitted and biotin was added as 0 4 ml of 
a solution of 25 y of the free aad per ml 

Total biotin (20) w as alw aj s determined The ■ample of 0 5 ml of blood, plasma, 
or red cells, or 0 5 gm of minced liv cr, was autoclav cd for 1 hour at 15 lbs in 5 ml of 
3 N sulfunc aad The matcnal was filtered, the residue washed wnth a little di'^tillcd 
water, and the combined filtrates neutralized with 10 s sodium hv droxidc and diluted 
to 15 ml with distilled water Such preparations from blood were as=aved at concen- 
trabons of 0 4, 0 7, and 1 0 ml per 10 ml of culture medium Preparations from 
liver had to be grcatlv diluted wath water and were likcwasc assav cd at three different 
levels Matcnal for pantothenate assav was autoclaved at ncutralitv m water and 
was tested at three different dilutions 

Lactobacillus casci t (Amcncan Tjpe Culture Collection No 7460) was used 
throughout It w as maintained in culture follow ing the method of Snell and Strong 
(21) and the inoculum was prepared after the manner of Landv and Dickcn (19) 
For each senes of biobn assaj s, a standard curve was prepared from the results with 
tubes containing known amounts of biotin ranging from 0 05 to 10 nia per 10 ml 
Growth was determined bj' titrating with 0 1 n sodium hvdroxide the acid produced 
in the cultures after 3 daj s’ incubation at 38®C 

In a recovery expenment, 2 5 ma of pure biotin were added to each ol six 0 5 ml 
samples of chicken blood These were then assav cd for biotin together wath corre- 
sponding 0 5 ml samples of blood, to which no biotin had been added, from the same 
SIX chickens The greatest error in rccov ered biotin w as 25 per cent, and the av erage 
for the 6 determinations w as 2 57 ma biotin rccov ered 
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The Efect of Egg While Diels on Stucepiibilily of Duds anil Chiciens to 
P lophurae 

Charts 1 to 5 give the results of four typical eipenments which illustrate the 
effect of biotm defiaency. induced by a high egg white diet, on the susceptibiUty 
of ducks and chickens to F lophurae It is apparent that, for both speaes of 



Chakt 1 Experiment 1 Duct* 1 to 5 fed casdn diet Ic, ducks 6 to 10 egg ^hitc 
diet 1 Inoculated with P lophtrae when 14 days old Average weights when 
inc<ulnted 1 to 5 105 gm , 6 to 10, 120 gm In this and succeeding charts, D rignifie* 
that antmaj died on day of last pamite count 

hosts, the average peak parasite number was 50 to 100 per cent higher m the 
biotm-defiaent nmmala than in the controls, the Invest peak was always 
reached m a defiaent animal and the lowest in a control, and more of the 
deficient animals died of the infection Appropriate uninfected control animals 
very rarely died of biotin defiacnc> alone when only 3 to 4 weeks old It is 
noteworthy that in Experiments 1 to 4 the biotm-defiaent and the control 
nnrrnpii differed but little m weight Indeed, m Experiments 1 to 3 the animals 
on egg white diet weighed a little more than the controls It seemed probable 



562 


rNIXTJENCE OF BIOTIN UPON SUSCEPTIBILITV TO MALARIA 


that the egg white supplied an unusually large amount of riboflavin, and ac- 
cordmgly in other e\-penments the control casein diets (as 36, 46) vere sup- 
plemented with riboflavin at the rate of 5 mg per 100 gm of casein MTien 
this was done, the animals on casein diet alw ays grew more rapidly than those 
on egg vhite diet, but the responses to infection vith P lophurac v,crc exactly 
the same as when additional riboflavin was not supplied 
^^0len the jmung chickens had been on an egg w lute diet for about 2 w ceks 
they began to show the sj’ndrome first described by Ringrose, Norris, and 



Chart 2 Expenment 2 All fed diet B for first 4 da\s Thereafter ducks 11 to 
16 were fed egg white diet 3, while ducks 17 to 22 were continued on diet B Inocu- 
lated ivith P lophurac when 13 daxs old Axerage weights when inoculated 11 to 
16, 127 gm , 17 to 22, 98 gm 

Heuser (22) and illustrated in Eig 1 The down and feathers of the deficient 
chicks had a generallx rough appearance, the feet show ed a marked scal> derma- 
titis, and lesions appeared at the corners of the mouth and ox or the e^^es Some 
individuals developed perosis and in some the upper portion of the beak grew m 
a curved manner resulting in malocclusion The animals on the x arious casein 
diets showed no signs of dermatitis The early lesions of biotin deficicncx in 
ducks are illustrated in Fig 2 The down on the face, neck, and back of ducks 
on egg white diet presented a matted, rough appearance and sometimes fell, or 
was pulled, out, leaving bald areas Lesions appeared around the ej es of the 
animals and their legs were frequently bowed Thev were, howexer, just as 
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CnART 3 ExpenmenC 3 All fed diet A for first 5 days Thereafter chides 1 to 
5 were fed casein diet 2a and clucks 6 to 11, egg white diet 2 Inocnlated with P 
lophuroti when IS dap old Average waghla when inoculated 1 to 5 92 gm, djto 
n,98gm 



when inoculated 12 to 17, 133 gm. 18 to 23 105 gm. 
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active, when 3 to 4 v eeks old, as tlie control animals Ducks kept on a casein 
diet, such as 36 or 46, eventually de\ eloped signs similar to those of ducks on 
egg white diet but much less marked Rough dow n and bow ing of the legs oc- 
casionally appeared even in ducks kept on diet B supplemented w ith lettuce, 
but all these abnormahties appeared regularly , early , and to a marked degree, 
only m ducks fed a high egg white diet 



0 12 3 4 5 
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Chart S Evpenment 4 Chicks 24 to 29 fed casein diet 2a for first 5 dais, 
thereafter egg w hitc diet 2 Inoculated with P w hen 22 da\ s old Aieragc 

weight when inoculated, 122 gm For controls sec Chart 4, chicks 12 to 17 

The Effect of Paulolhcinc Acid Deficiency and of Small Degrees of Biotin 

Deficiency 

Smee the biotm-deficicnt animals cvcntualh die of the deficiency , it seemed 
possible that their greater susccptibihtv to P lophurac might be mcreh tlie 
result of some general lowering of resistance, not nccessanly spcafically as- 
soaated with the biotin level It was therefore of interest to weaken the 
animals by means of some other nutritional deficiencs’’ Pantothenic acid w as 
selected smee it is essential for the grow tli of clucks and since a dcfiaency of it 
produces lesions at the comers of the moutli and on the eyelids somew hat re- 
semblmg those seen in biotin deficiency' Chickens maintained on tlie heated 
diet 5 showed the typical signs of pantothenate deficiency' (Fig 3) and were 
smaller and weaker than comparable chicks fed on egg w hite diet Tlie control 
chicks, which received diet 5-1, were vigorous and normal in e\ ery' respect ex- 
cept for a slight scahness on the feet Ducks fed the pantothenic acid-de- 
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fidcnt diet (Fig 4) grew very poorly and soon became v, eak and unable to open 
their tyes Several died v,hcn they were only 2 weeks old and before th^ had 
been inoculated with malana parasites The control ducks fed diet 5 I ap- 
picared entirely normal The average pantothenate content of the blood was, m 
my i>cr mk, 167 for 2 deficient ducks and 293 for 3 ducks on the adequate diet 
Yet m spite of the great difference m general health between the nnnnflia de- 
fiaent in pantothenic aad and those not defiaent m this vitamin, the former 
did not develop any more severe mfccliona with P Jopkurae than did the latter 
The result obtained with the chicks (Chart 6) was especially instructive. It 
IS at once apparent that, while the small, weak, pantothenic aad-defident 



Chajo* 6 Expenment 5 Chicks 50 to 57 fed heated diet 5, deficient mainlv in 
pantothenic aad chicks 58 to 66 fed diet S-I (diet 5 + 15 mg calaum pantothenate 
per kg ) Inoculated with P U^phurae when 25 days old Average weights when 
inoculated SO to 57, 96 gm. 58 to 66, 133 gm 

chickens had mild infections, exactly of the type to be expected m chickens of 
their age, 5 out of 9 laige, vigorous animals on the diet supplemented with 
pantothenate developed unexpectedly heavy infections and only 2 had very 
mild infections As has already been stated, the chickens not deficient m 
pantothenic aad showed a scaly dermatitis of the feet which is a characteristic 
sign of partial biotin deficiency It has recently been shown (23) that a heated 
diet supplemented with thiamin nboflavm, 2 mcthykl 4-naphthoqumone, and 
caidum pantothenate, such as diet 5-1 is still somtwhat defiaent m bjotm 
It has also been frequently observed (24 23) that rapidly growing animals show 
the most distinct signs of biotin defiacncy It therefore seems likely that the 
pantothemc aad-defiaent chicks, which failed to grow well, received enough 
biotm from the diet, while the chicks which received adequate pantothemc acid 
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and which grew rapidlj' were unable to obtain enough biotin Their partial 
biotm deficiencj' would then account for their greater susceptibility to infection 
with P lophtirac ^ 

Other types of experiments provide still better evidence for the effects of small 
degrees of biotin deficiencj’’ on the seventy of P lophurac infections 

In Expenment 6 (Chart 7) one group of chickens was kept on casein diet, one on 
egg white diet, and one on egg white diet supplemented with biotin (diet 4-1) The 
amount of biotin added in diet 4-1 was calculated on the power of commeraal egg 
white to inactivate biotin (25) and the axerage biotin content of chick feeds, and 
should haxe been enough to leaxe 20 y per 100 gm of diet For about the first 10 



Chart 7 ExpenmentO Chicks 67 to 71 fed casein diet 4o for first 16 da\s, there- 
after casein diet 46, chicks 72 to 76 fed egg white diet 4, chid s 77 to SI fed egg white 
+ biotin concentrate diet 4-1 for first 18 daxs, thereafter egg white + biotin concen- 
trate diet 4-n Inoculated with P lophurac when 25 daxs old Axcrage weights 
when inoculated 67 to 71, 176 gm ,72 to 76, 122 gm , 77 to 81, 149 gm 

days, the chicks fed diet 4-1 showed cxen better growth than those fed the casein 
diet 4a But by the time the> were 2 weeks old thex began to show signs of biotin 
defiaency which were almost as bad as those shown bx the chicks on plain egg white 
diet 4 It was apparent that the biotm xxhidi had been added xxas inadequate 
Woolley and Longsworth (26) had in the meantime reported almost twice as high a 
biotin-mactixnting pow cr for pure antibiotm (ax idin) as had been reported bx Eakin, 
Snell, and Williams (27) The amount of biotin concentrate added to diet 4 was 
therefore doubled xxhen the chicks were 18 daxs old Although thex still showed 
signs of biotin defiaencj when they xxerc inoculated a week later with P lophurac, 
they developed less severe infections than the chicks on unsupplementcd egg white 
diet and shghdy more severe infections than the chicks on casein diet 

In Expienment 7 (Table I) all 21 chicks xxerc maintained from the dax of hatching 
on a high egg white diet (diet 4) One group of 7 chicks rcccix ed no other treatment 
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Thc« chidA aU showed definite signs ol Wotin deficient by the they were 
inoculated with P lophurae The 7 chicks of the 2nd group received daily by intra 
pcntoncal injection enough biotm concentrate (S Co No 1000) diluted with 
0 85 per cent salt solution to furnish 1 y of biotin per duck. These ducks grew 
well and showed no signs of biotin defidenQ other than a distinct but not at all severe, 
5CaI> dermatitis of the feet. Each chid, of the 3rd group received mtrapentonealb 
enough biotin concentrate to furnish 3 y daDy for the first 17 da^^s and 6 y daify 
thereafter Five of these 7 chickens showed no signs of biotin dcfiacnc) at the time 
they were inoculated in agreement with the reported biotin requirement of chicks 
of about 3 to under 10 y (28 29) The other 2 bad been cxceptionallj small, weak 
chidts since the date of hatching and they fafled completely to respond to the biotin 
injections When they were 20 days old they were os small and showed as distinct 

TABLE I 


Ex^crimeni 7 Tki EJeti of Iniraptnloneal Tnjettions of Btotin Conuntroi^ on iht Ontnt of 
P UphuTOt Infuitons in Ckiokaa Fed Ea WhUe Dkl 4 ond Infaltd When ZO Dcya (Ad 
7 chickens in each grtxip 
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signs of biotin deficiency as did the chicks In the group receiving no biotin. All the 
fhIrVa Tvere inoculated with a very largo dose of P lophurae By far the highest 
peak parasite number occurred m the group lecdvmg no biotin and the lowest in the 
group receiving the larger amount of biotin. The average peak parasite number 
was highest for the no biotin group lowest for the high biotin group, and intermediate 
for the low biotin group Especially Interesting was the fact that the 2 chick* b the 
Ligb biotb group which failed to respond to the biotin mjections both had peak 
parasite numbers over 7,000 If the results vnth these 2 chicks are omitted the range 
and average peak parasite munbers for the group become considerably lower Only 
m the group receiving high biotin were there any chicks wbch had very few parasites 
by the 5th day (5 and 20 per 10 000 red cells) In the other two groups, and expeaally 
m the group recdvbg no biotin the parasite number was still up b the thousands on 
the 5th day Deaths from the infection occurred only b the group receivbg no biotin, 
where 3 out of the 7 duckens died 5 6 and 8 days respectively after inoculation 
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In this experiment the chickens receiving only 1 y of biotin daily were 
active, well grown, and of normal appearance except for the mild scalmess of 
the feet Yet they had more sex'ere infections than the chickens rcceiv ing more 
nearly adequate amounts of biotin It is evident that m the presence of a small 
degree of biotm deficiency the administration of biotm may be considered as 
a specific measure lessening the severity of the infection w ith P lopliurac 



Charts Experiments Ducks 23 to 27 fed egg white diet •}, ducks 28 to 32 fed 
caseindict4& Inoculated w ith J* caI/;rOTfrj«nJStrain3Twhcn21 daxsold Axcrage 
weights when inoculated 23 to 27, 200 gm , 28 to 32, 349 gm Axerage initial para- 
sites per 10,000 red cells 23 to 27, 79, 28 to 32, 91 

The Influence of Egg If htc Diets on Susceptibility to P cathcmcrium 

The effect of biotm deficienc)' on susceplibilitj has been studied with two 
species of bird malaria parasites other than P lopltiirae Experiments with 
P cathememm strain 3T gaxe especially interesting results, illustrated in 
Chart 8 

In the non-defiaent ducks on the casein diet, the parasite count rose \ erj rapidU 
for the first 4 days and then fell off equallj abruptly As is usual w ith P cathcmcrium 
infections in ducks, none of the animals died (30) The infections in the biotin- 
defiaent ducks did not attain any higher peaks than in the non-defiaent ones In 
deed, the parasite count at first rose more slowlj m the former than in the latter 
ammals But in only one (No 23) of the defiaent animals xvas the parasite peak 
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readied on the 4th day and ioHowed by an abrupt dedine in the number ot paraaJtes. 
In one duct (No 26) the parasites increased to a peat on the 5th day, fell off some 
what on the 6th and 7th days and rose again on the 8th day, when the animal died. 
In one (No 27) the parasites increased to a high peat on the 6th day, fell off slightly 
on the 7th day, and rose again on the 8th day when the animal died In the other 2 
ducts (Nos. 24 and 25) the parasites continued to increase until the 7th day, when 
both animals thed Ccmtrol uninfected biothulefiaent animals survived 1 to 2 weeks 
or longer beyond the end of the experiment. 



thereafter easem diet 4b, chicks 84 to 86 ted egg white + biotin concentrate diet 4-1 
for first 18 days, then egg white -1- biotin concentiate diet 4-II until 46 days old 
thereafter casein diet 45, chicks 87 to 91 ted egg white diet 4 throughout. Blood for 
biotm assays taken when 46 days old Inoculated with P fagkuroe when 48 days old. 
Average weights when inoculated 82 to 86, 402 gm. 87 to 91 161 gm Average 
initial paiasites per 10 000 red cells 82 to 86, 124 87 to 91, 83 Average biotin, as 
my per ml of blood 82 to 86 3 0, 87 to 91 12 

Thus, in the non-defiaent animals the parasites mcreased very rapidly at 
first, but were then ecjually rapidly removed from the cuculation, while in the 
biotin-defiaent ducks the parasites at first mcreased more slowly, but they 
contmued to mcrease and could not be succesafuUy cleared out of the blood 
stream 
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The Bioltn Contcnl of the Blood m Relation to Infections with P lophurae 

The question anses as to what precisely are the biotin levels associated with 
different degrees of susceptibility A small beginning toward answering this 
question has been made w ith the parasite P lophurae Although it v as recog- 
nized that the level of biotin in the blood probably would not give an entirely 
accurate indication of tlie biotin level of the body as a whole, most of the biotin 
determmations w’ere made on blood, since samples of tins could be readily ob- 
tamed without injuring the animal and since blood is the medium in v Inch the 
malana parasites live Chart 9 illustrates the result of an c'perimcnt with 
chickens 48 days old when inoculated 

TiMJLE II 

Experiment JO The Relation between the Average Biotin Content of the Blood b'fore Irocttlalion 
and the Average Peat Parasite Number for 3 Groups of 5 Ducks Each on 3 Diferent Diets, 
Inoculated with P lophurae 11 hen 14 Da^s Old 


Diet 

111 

A\crti:c 
j tvcighl 
when 

ParasUefl per 

10 000 red blood 
cells 

Remarks 


lated 

Initial 

Pot 


Egg white diet 4 

1 8 

1 

167 

116 

8300 

2 ducks still had high parasite 

Casein diet 4o for first 

3 0 

118 

115 

6544 

counts (2940 and 66S0) 1 1 dav s 
after inoculation and thev died 
on the 13lh dav 

In both of tliese groups, the 

11 dajs, then 4b 

Casein diet 3a for first 

3 0 

1 

149 

no 

66S0 

highest parasite count on the 
Hill da> after inoculation was 
115 Most of the ducks chovved 

11 days, then 3b 





no parasites at this time and 
none died 


Four of the 5 chickens in the group averaging before inoculation onK 1 2 m-y of 
biotin per ml of blood developed infections three times as sev ere as those dev eloped 
by the 5 chickens wnth an average biotin of 3 0 m-y per ml of blood Three of the 
chickens wnth the low biotin died before the 7th dav after inoculation and a fourth 
(No 91) was killed on the 8th da> , when it was verv weak 

Table II illustrates again, for ducks, the inverse relation between blood 
biotin level and the average peak parasite number Note the constanev of the 
results obtained with the tw o groups of ducks on tw o v’crj' different kinds of 
casein diets, which however had in common the property of not interfering w ith 
the biotm supply of the animals 

Since P lophurae produces heavier infections, after the inoculation of com- 
parable large doses, in ducks and in baby chicks than in older chickens, it w as of 
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interest to compare the bioUn Ie\el3 in these 3 groups of animals The biotin 
Ie>el of the blood of chickens kept on adequate diets did increase after the> 
■were 1 month old (Table HI) However, the mcrease in the resistance of 
chickens to P Jophurae infections is quite notable by the age of 2 weeks, and at 
thistime there appeared to be no higher biotin level either in the blood orm the 


TABLE m 

Changes vilk igc in Ike BiotU CortiaU of ike Blood oj Iniktduol Cheitns on Egg WhlU and 
Control Diets 


Dkt 1 

1 

Chkk No 

Blotio myf 

31 diff 

ml. bliMd tt 

4d<l4Ta 

Casein diet 4a for 14 days, then 46 


2 7 

5 1 

1 


3 8 

mm 

Egg white diet 4 + 500 7 biotm per kg for 16 




dtii, then 1000 7 per kg 




Egg white diet 4 





HmH 




TABLE IV 

Tke Bttfdn Content of the Blood find Uvtr of Toung Dusks and Ch i eiens 


Afe In dMT* 

1 Glollopcrnl blood ^ 

1 Bbtlnperpn-Uw 

Indlrfdokl r&locs 

ATW»f« 

lodlvidiul Ttlw 

Arm** 


■17 

mr 

m 

»T 

Ducts 





4 

434041 ' 

4 1 

1260, 1540 1720 

1507 

25 

3 0 3 2,3 4 

3 2 

854 1020 1450 ' 

1108 

67 

2 3 

2 3 

1950 1630 

1790 

88 

4 9 

4 9 

2960 

2960 

Cldcks 



1 


2 

2 6 2 2 2 2 

2 3 

1 2516, 2580 3274 

2790 

14 

3 0 2 4 3 2 

2 9 

1 2520 1778 1860 

2053 

26 

, 252523 

2 4 

2854 1688 3374 

2639 


liver than m 2 day old ducks (Table TV) Also as shovra m Table IV, the blood 
les el of biotm fs actually a little higher In ducks than m young chickens The 
concentration of bioon in the liver of young ducks was found to be little more 
than half of that m the hver of young chicks, and it may well be that the 
general body levxl of biotin is higher m the latter than in the former 
In any case, the idea that a single static concentration of bioUn m the blood 
det ermin e, the degree of BuscepubHity to P loplmrac mfecUon is much too 
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Simple to be expected to work Rather one might expect that the important 
factors are the extent and nature of the reserve supply of biotin in the hod\ , and 
the speed with w’hich biotin can be mobilized into the blood stream Some 
evidence has been obtained w’liich shows that infection with P lophurac modi- 
fies temporarily the biotin level of the blood of both chickens and ducks 

This was first observed in assays made wnth the chickens of Experiment 6 (sec 
Chart 7) Besides the 5 chickens on each of the 3 diets which had been infected v hen 
25 days old, several other chickens m each group were left uninfected (used later for 
Experiment 9) When the infected chickens were in the 6th daj of their infection 
(except for chicks 73 and 80 which were bled on the Sth and 3rd daj rcsptcti\el>), 


TjVBLE V 

The Btolin Conltnl oj the Blood of Uninfected 31 Day Old Chickens Kept on £/;f It hte and 
Control Diets, and of Similar Chickens just Recovered from Infection xtlh P loplurae 


Diet 

Condition 

HcmcK 

^loblo 

Chick Not • 

HioiiD per ml 
bl>x! 

Rinse 

A\cf 



ftr ant 


nt 

rny 

Casem diet 4<i for 14 daj’s, then 46 

Not infected 

85 

82,83 

2 7-2 8 

2 8 


Infected 

55 

67 to 71 

4 0-6 9 

4 9 

Egg white diet 4 

Not infected 
Infected 

85 

87 to 91 

73 

1 0-2 0 

1 6 

3 1 

Egg white diet 4 -p 500 y bioUn 

Not infected 

85 

84 to 86 


1 7 

per kg for 16 da>s, then 1000 y 
per kg 

Infected 

55 

77, 78, 80, 81 

3 1-4 4 

3 6 


• See also Eipenmcnts 6 and 9, Charts 7 and 9 


and both umnfectcd and infected ones w ere 31 dai s old, 1 ml of blood w as taken from 
each and assayed for biotin, with the results shown in Table V 

It is evident that, regardless of diet, animals just recovering from infection 
with P lophurac and suffering from a considerable degree of anemia had about 
twice as much biotin per milliliter of blood as had uninfected animals A 
similar result was obtained in assays on blood taken from ducks 6 da\ s after 
moculation w'lth P lophurac Chart 10 shows the results of a more detailed 
analysis of this phenomenon carried out with 4 ducks on an adequate diet 
(diet B with lettuce) 

A sample of blood was taken from each duck just before inoculation w ith P lophurac 
and agam on the 4th, 6th, and Sth days after inoculation The blood w as assa\ cd 
for biotin Blood films were made on the 4th, Sth, and 6th daj s so ns to include the 
day of the peak parasite number Both the plasma and red cell le\ els of biotin had 
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PARASITES in thaoMndi per 10 000 RED CEILS 

BIOTIN my per ml PUSUA . 

BIOTIN my per ml RED aiLS 



elready risen by the 4th dny in all the ducks except dock c, whose plasms blotm fell 
whne the red ceO biotin rose. In duci t whose Inlecbon reached Its peak on the 
4th day, the biotin In both plasma and red cells likewise reached a peak on the 4th da> , 
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fell on the 6th day, and was back to its starting point on the 8th da> , when very fen 
parasites remained in the blood In the other 3 ducks the peal parasite number 
occurred on the Sth day and the highest biotin levels on the 6th daj The biotin was 
again back to its original lc\ cl by the 8th day (duck c died of the bleeding on the 6th 
day) Moreover, the extent of the increase in biotin level of both red blood cells 
and plasma was in general proportional to the extent of the parasitemia This nsc 
in biotin level cannot be explained solely on the basis of the new red cells formed in 
response to the anemia produced by the parasites (assuming that young red cells 
have a higher biotin content than mature ones) The increased biotin lc\el was 
already apparent by the 4 th day , w hen there wasasyctno large proportion of y oung 
red cells, the increase appeared in the plasma as well as in the red cells, and both 
plasma and red cells were back to a normal biotin level bv the Sth da\ after inocula- 
tion, w'hen a large proportion of y oung red cells w as still present 

These results suggest that biotin is mobihrcd into the blood stream during 
infection w itli P loplmrac, and that it may play a r61c in reducing tlic number of 
parasites 

A single, somewhat similar experiment (Experiment 12, Chart 11) has been 
performed w ith 4 chickens, 4 w ccks old and w cighing about 300 gm at the start 
of the ex-penment 

Each of 2 of the chickens (a, 6) received by stomach tube on 2 successive davs a 
dose of 0 25 ml of a solution of 0 2 gm of phenylhydrazine hydrochloride in 10 ml 
of water At the same time that these chickens receiv cd their first dose of phenv 1- 
hydrazine, the other 2 chickens were inoculated intrav cnouslv vvnth P hpl urac 
Blood for biotin assay was taken into a measured amount of hepann solution, bv 
heart puncture, just before the first phenv Ihy drazine treatment or inoculation with 
parasites, and again IJ, 3, and 5 day slater This blood was centrifuged in a uniform 
way, the volume of red cells and plasma was noted, and measured amounts of plasma 
and red cells were assaved for biotin Stained blood films were prepared dailv and 
the relative numbers of parasites and v oung red cells w ere determined The results 
arc summarized in Chart 1 1 

It IS apparent that the plasma biotin rose m cliickcns c and d just as it did m 
the ducks of Experiment 11 Especially' nolw orthv is the fact that Uic plasma 
biotin m both diickens had doubled only' 1^ day s after inoculation Thus, in 
chickens the biotin in the plasma not only attained higher lev els than in the 
ducks m Experiment 11, but it did so much more quickly' If additional results 
of this type can be obtained, they' will support tlie idea that older cliickcns in- 
fected with P lophurac can clear out their infections more rapidly than ducks, 
partly because tliey can raise their plasma biotm more quickly and to a greater 
extent The data for chickens c and d also show tliat tlie changes in plasma 
biotm are not connected with the anemia which follows the malarial infection 
The level of biotm in the plasma was mudi increased days after inoculation, 
when there was no anemia, as evidenced by the normal x'olume per cent of red 
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Parssitei in hundreds per 10 000 red blood cells 

Young red cells in hundreds per 10000 red blood cells 

Volume percent of red cells - - 

Biotin in my per ml plasma 

Biotin in my per ml red cells — 



Chaw It Eipenmcnt 12 Changes during mfection with J* and follow 
ing pbeoylhvdiaxinc treatment in the erythrocytes and m the biotin content of 
erythrocytes and plasmii of 4 week old chickens. Chickens a and 6 received 
phcnylhydmrine on the days indicated by the arrows, whBe chickens c and d were 
mocidated mtmvenously with a large dose of P lopkurac. 
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cells (33 per cent) and the lack of young red cells In chickens a and b young 
red cells were beginning to appear within 1 day after the first phenvlhydrazmc 
treatment and there was a marked anemia day still later The lev el of biotm 
in the plasma show ed no mcrcasc at the time, but it was greatly increased on the 
3rd day after the first phenylhydrazinc treatment and continued to increase to 
the 5th day Although the increase followed the production of large numbers 
of young red cells, it continued after tlie young red cell production had ceased 
The young red cells themselves did not appear to have a sufficientlj higher 
biotm content than the older ones (as evidenced by the rclatn ely small increase 
in the biotin level of the red cells) to account for the great changes in the biotin 
level of the plasma It also docs not appear hkclj that the changes in plasma 
biotm can be explained directly on the basis of red cell destruction, since the red 
cells onginally contain no higher concentration of biotin than the plasma 
These results with phenylhydrazinc suggest a method for artificialK changing 
the plasma biotm level It is veiy noteworthj that chickens treated with 
phenylhydrazme have been observ'ed to develop less severe infections with 
P lophurac than untreated chickens (31) This fact has been ascribed to the 
apparent preference of P lophurac for mature crj throcj’tes, but the elTect of 
phenylh) drazmc m increasing tlic plasma biotm level maj also pla> a part 
Canaries treated with phony Ihj drazmc hav c been found to dev clop more sev ere 
mfections witli P cathemenum than untreated birds, and this again has been 
ascribed to the preference of this parasite for y oung cry throcy tes (32, 33) It 
has already been shown that the initial rate of multiplication of P call cii enuu, 
is higher m ducks with a normal biotm level than in biotm-dcGcient ducks, a 
fact which fits v'cry well with the idea lliat the effect of jihenvlliy drazmc is 
partly a result of its action on the biotm level Indeed, since the indications 
are that immature red cells do have a somewhat higher biotm content than 
mature ones, the so called preference of different species of malaria parasites for 
young or old red cells might be intimately connected with tlic relative biotm 
content of these cells 

Experiments on the Injection of Biotm into Ducks Kept on an Idcqnate Diet and 
Infected with P lophurac 

A number of preliminary^ axperimcnts, four w ith S M A biotm concentrate 
No 1000 and one with pure biotin (very^ generously' supplied bv Dr du Vig- 
neaud) hav'e failed to giv'c consistent results 

In 3 of the experiments there seemed to be a small but significant dccaasc in the 
seventy of the infections m the ducks injected with biotin as compared with the 
untreated ducks In the other 2 expenments there was no effect of the biotin treat- 
ment In one of these experiments biotm assav s w ere made on the blood of treated 
and untreated ducks, 1 day after inoculation with P lophurac and 12 hours after 
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the last intiasenoRS micction of biotin into the treated annnals (S MJb biotin con- 
centrate No 1000 to suppl> 25 7 of biotin per tOO gm bodj weight) 

In these assays there was actually more biotin in the blood of the untreated 
than m the blood of the treated ducks West and Woglom (34) similarly found 
that excess biotm injected into imee was vety rapidly excreted. Before a con 
elusive test can be made of the possible effects of a higher thnn normal blood 
level of biotin on infection with P laphurat It will be necessary to find a way of 
artificially maintaining ov er a penod of several day s a contmuously high levd of 
biotm m the blood. 


DISCDESION 

Biotm IS evndently a substance which affects the degree of natural suscep- 
tibility to malnnal infection How the biotm level of the blood exerts its in- 
fluence upon the extent of multipbcation of the parasite can at present only be 
guessed A very simple theory would assume that all speaes of malaria para 
sites require biotm for growth (smee highly spegalixed parasites probably can 
not themselves symthesixe biotm), that for eaeh species of bud malaria parasite 
there is an optimum range of biotm concentration m the blood of the host that 
growth of the parasites is slowed up if the biotm concentration falls below this 
range, and that growth is inhibited by a direct tome effect of biotm concentra- 
tions abov e the range On the basis of such a theory, Plasmodtum lopkurat 
would require a relatively low optimal concentration of biotm As the mfection 
progresses it causes the biotm of the blood to increase. UTien the biotm levd 
exceeds the favorable concentration range, the multiplication of the parasite is 
greatly reduced and the acute mfection is tenmnated Biotm-defiaent animals 
are less capable of mcreasmg suffiaently them blood biotm levd, and so more of 
them cannot bring their infections under control and more die from it than 
among the nondefiaent animals. Perhaps chickens, which have a higher 
biotm content m the hver than ducks, can mcrease their blood biotm levd more 
rapidly and effectively than ducks, accountmg for them greater resistance. 
P caihemenum must be assumed to require a higher but narrower optimal range 
of blood biotm concentration than P lopinirae, smee this parasite multiphes 
very rapidly at first m normal ducks If this infection also mcreases the blood 
biotm levd, then the abrupt dedme m normal ducks can be eiplamed partly on 
the basis of too high a concentration of biotin In the biotindefiaent ducks, 
P caihemenum at first multiplies more slowly than m normal ducks, presumably 
because the blood biotm levd is bdow the optimal range. But ns the biotm 
concentration increases m response to the infection, it enters the optimal range 
and the parasites multiply more rapidly The deficient ducks then havT diffi 
culty m raismg the biotm concentration above the optimal range and moat of 
them die with a high parasite number in the blood It is obvious that while 
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this Simple hypothesis could explam the facts thus far a\ailablc, much more 
information is needed before it can be taken vcrj' seriously 

It IS possible that biotin deficiencj’ everts some specific effects on cell sj stems, 
such as the lymphoid-macrophage system, \shich are intimately concerned \Mth 
defense against malaria parasites (35), or that it interferes w ith protein metab- 
olism and in this ^vay with antibody formation (36) Either of these supposi- 
tions would encounter dilhculties in explaining the initial slower multiplication 
of P cathcmcrium in the deficient animals Moreover, the cv idcnce at present 
available indicates tliat the biotin level of tlie host affects the natural rather 
than the acquned resistance Attempts to produce relapse, by' means of biotin 
deficiency', m animals recov'ered from infection with P lopiturac failed Such 
experiments should, however, be repealed with a species of parasite (as P 
gallinaccttm) which has a fairlv high relapse rate 

Any attempt to explain the effect of biotin on susceplibilitj to malaria must 
also recognize the fact that there arc undoubtedly many other substances within 
the host the concentration of which also affects the susceptibilitv Some of 
these substances may' well have a more striking effect than biotm, and the 
effect of tlie sum total of all such substances must determine tlic degree of 
susceptibility of a host to a parasite 

The relation of nutrition to resistance to disease is still far from clear There 
can be no doubt that resistance to disease is greatly decreased in the presence of 
extensive nutritional deficiency', but under such conditions the complicating 
factors (such as inanition) are numerous and it is impossible to conclude that 
any specific relationship exists between a particular dietary factor and the 
degree of resistance to a particular infectious agent However, when a mild 
degree of a specific nutritional deficiencv , unaccompanied bv am general sev ere 
weakening of the animal, is accompanied by changed susceptibilitv to an 
infectious disease, one may be justified in assuming that a specialized kind of 
relationship exists between the level in the host of the nutritional factor con- 
cerned and the susceptibility of the host to invasion by the parasite Further 
justification for such an assumption is prov ided if, as in the present w ork, ev on 
extreme deficiency of some other nutritional factor docs not lead to changed 
susceptibility There are m the literature relatively few examples of sucli 
specific relationships betw een the lev cl m Uie host of a v itamin and the degree 
of susceptibility to an infectious agent Altliough Ackert, Alcllvame, and 
Crawford (37) in their original work on the effect of vitamin A deficiencv in in- 
creasing susceptibility' to helminth infections, failed to detect any' effects of a 
subclimcal degree of vitamin A deficiency , hIcCoy' (38) found that rats depleted 
of vitamin A showed lowered resistance to TrichucUa x/urc/u before there were 
any other signs of avitaminosis Boynton and Bradford (39) had similarly 
found that the lowered resistance of rats on a vitamin A deficient diet to infec- 
tion with a bacillus of the Mneosus capsulaiits group was apparent before any 
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Other signs of vitamin deficiency The resistance of rats to mfection with 
munne typhus nchettsiae was greatly lowered even by a mild degree of ribo- 
flavm dcficiencj , but was not affected by extreme vitamm A deficiency (40) 
Rats defiacnt in thiamm were more susceptible to rat leprosy (41) and mice 
partially deficient in thiamm or riboflavin were more susceptible to pneumo- 
coccal infection than animals receir mg adequate amounts of these vitamms (42) 

Of a somewhat different type arc the results of Becher and his associates 
(43-45) on the effects of dietary factors on the extent of multiplication of the 
cocadial parasite of rats, Emma machuLi If rata were kept on a diet low m 
thiamm and pyndoxme, the addition of thiamm decreased the set enty of mfec 
Uon and the further addition of pyndmtme decreased it still more However, 
if only pyndoxme was added, the mfection was more severe than on the basal 
diet. In rats fed a diet partially deficient in pantothenic aad, the infection was 
less severe than m rats fed the same diet supplemented with calcium panto- 
thenate. It has similarlj been found that the mortabty rate from pohomyebtis 
13 higher m normal rats than m rats on a n'boflavm-defiaent diet (46), and that it 
IS higher m rats on a high thiamm diet than m rats on a low t hi a m m diet (47) 
All these results, together mth those reported m this paper, would certamly 
support the idea that the vitamins are among the substances whose concentra 
tion in a host arumal influences the extent of growth or multiphcation of certam 
parasitic agents This influence could be just as direct as the mfluence on a 
free bving protozoon of the concentration of growth substances m its envi- 
ronment 

Smcc individual animals are known to differ m their body level of growth 
factors, even though they are not deficient and are withm the normal range, it 
may be that such differences help to account for mdividual differences in sus- 
ceptibflity 


srmuASY 

Biotin-defiaent chickens and ducks developed much more severe infections 
with Plasmadtum lopliurae than did non-defiaent control a nim al s While a 
very mild degree of biotm defiaency sufficed to increase susceptibility, even an 
extreme degree of pantothenic aad defiaency had no effect. Biotm defiaency 
also increased the suscepUhility of ducks to P cathemtmm In ammals m 
fected with P lopliurae, the concentraUon of biotm m the plasma as well as m 
the red cells rose dunng the course of the mfection, reached a peat at about the 
same time as the parasite number reached itepeat, and then returned to normal 
ns the infection subsided While the administrapon of addiUonal biotm to 
animals partiaUy defiaent m biotm could be considered a specific measure tend 
mg to lessen the seventj of infecUon with P lopliurae, the mjecUon of biotm 
mto animals fed a diet adequate m this vutamm had no antimalanal effects, 
perhaps because the excess biotm was rapidly remov ed from the blood 
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INTLTTENCE OF BIOTIN UPON SUSCEPTIBILITY TO MALARIA 


V, 


EXPLANATION OF PLATES 
The photographs were made by Mr J A Carlilc 

Plate 22 

Fig 1 Left Chick fed casein diet 2a Right Chick fed egg white diet 2 Both 
29 days old 

Fig 2 Left Duck fed casein diet 4a until 11 da\s old, thereafter cn'ein diet 4ft 
Right Duck fed egg white diet 4 Both 20 da\ s old 




Piatt 2 '-, 

I iG 3 Left Chid kd diet 5 I adequate in imUotlienic acul Kieht Cluck fed 
diet 5 deficient in pantothenic aad Both 33 da\>; old 

In 4 Duck fed diet 5 deficient in pTiitotheiiie aeid Hdaesold 
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